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NUMERICAL ANATYSIS OF FLOW PROPERTIES ABOUT BLUNT BODIES
MOVING AT SUPERSONIC SPEEDS IN AN EQUILIBRIUM GAS
By Harvard Lomax and Mamoru Inouye

Ames Research Center
Moffett Field, Calif.

SUMMARY

An inverse method is presented for the numerical calculation of the flow
field behind the bow shock wave of a blunt-nosed body traveling at hypersonic
speeds. Numerical difficulties encountered with the inverse method are
categorized and discussed. Examples of instabilities introduced by particular
combinations of analytical and numerical methods are presented. Certain
techniques for suppressing some of these instabilities are illustrated. A
one-parameter family of shock-wave shapes has been found to yield spherical-
nosed, axisymmetric bodies to a high degree c¢f accuracy. Solutions have been
obtained for perfect gases over a Mach number range from 5 Lo 100 for specific
heat ratios from 1.1 to 1.66067 and for air in thermodynamic equilibrium over
a speed range from 10,000 to 45,000 ft/sec for altitudes from 100,000 to
300,000 feet. Results for the shock-wave shape and standoff distance are
presented for all the solutions, and comparisons with other methods are made.
For the real alir results, tabulations are presented for the body data and
shock-wave and sonic line coordinates. Some results for ellipsoids and
paraboloids are also shown.

INTRODUCTION

The numerical calculation of the flow field between the bow shock wave
and a blunt-nosed body traveling at hypersonic speeds is of considerable
interest, both from a mathematical and a physical point of view. On the
mathematical side, it combines all forms of second-order partial differential
equations - hyperbolic, parabolic, and elliptic - coupling the analytic and
numerical difficulties associated with each. On the physical side, it pro-
vides information pertinent to the analysis and design of vehicles entering
planetary atmospheres. Although many papers have dealt with the subject,
the understanding of both the mathematical and physical problem is far from
complete.

The purposes of this paper are twofold. One 1s to isolate and categorize
some fundamental numerical problems associated with the inverse method of
solution, and, where possible, to present technigues which help overcome these
problems. The other is to present some results of the application of the
inverse method to the calculation of the flow field around blunt-nosed
axisymmetric bodies. The reader who is concerned with Jjust this aspect of the
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problem may begin with the section entitled Relating the Shock and Body

Shapes.

Included in the succeeding sectlons are some comparisons with other

theories and experiments and a comprehensive tabulation of solutions for
spherical noses in air in thermodynamic equilibrium.

tan o

SYMBOLS

shock-wave shape parameter (see eq. (21))
speed of sound
body bluntness parameter (see eq. (20))

error in local total enthalpy relative to free-stream total
enthalpy

enthalpy
Mach number

stream function, zero on body

pressure
radius of curvature of the body for y =0
radius of curvature of the shock wave for y = O
entropy

transformed and sheared coordinates

temperature
shock-wave slope for shock point on field data line

velocity components in x,y directions
velocity

cylindrical coordinates with origin at stagnation point on body
and normalized by Rp

shock-wave shape

Cartesian coordinates for € = O and cylindrical coordinates for
€ = 1 with origin on shock wave

. . a®p
ratio of specific heats or isentropic exponent, 5

shock standoff distance

index for number of space dimensions: O for two-dimensional flow,

1 for axisymmetric flow
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o Mach angle
o] density

p, reference density, 0.002498 slug/ft3

T time

) angle subtended by circular arc measured from stagnation point, radians
Subscripts

00 free-stream conditions

st stagnation point on body

MATHEMATICAT, FORMULATION

Basic Assumptions and Considerations

The physical problem to be considered is that of a blunt body traveling
in a homogeneous gas with known thermodynamic properties. In this report the
study is confined to the effects on the gas behind the bow shock wave and in
the vicinity of the subsonic region
near the forward portion of the nose, v i
as shown in figure 1. A solution is
sought that extends sufficiently far
into the supersonic region to provide
initial conditions for a continuing
analysis by the method of character-
istics. Steady inviscid flow is
assumed such that the effects of vis-
cosity, heat conduction, and radiation
are assumed negligible. No heat or
mass addition is permitted, and the
gas is assumed to be in thermodynamic
equilibrium such that entropy is con-
stant along streamlines, provided no
shocks are crossed. The bodies to be
considered are either plane or axi-
symmetric and at zero angle of attack.

A
A final remark is made with regard *}L{—F&
to the mathematical discussion which

follows. It is assumed at the outset —a—-

that the calculations will be carried

out numerically by difference, rather Figure 1.- Sketch of flow field around
than differential, equations and, fur- blunt-nosed body and coordinate system.
ther, that these computations will be

>
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performed on a digital computer. Use of finite difference schemes
necessitates some consideration of the convergence and stability of the
methods employed, and the efficient use of a digital computer necessitates
that some consideration be given to numerical procedures that minimize both
machine memory requirements and operation time. Both of these considerations
will be involved in the following discussions.

Thermodynamic Properties of the Gas

The gas in which the body is traveling can be in any state of molecular
excitation, provided it is in thermodynamic equilibriwm. The treatment of
such a gas, in calculating its flow about a body, poses two numerical prob-
lems. The first of these is well recognized and certainly the most difficult.
It is the problem of calculating all the state properties of a gas given any
two properties. We consider this problem to be solved; that is, formulas for
the equilibrium state of the gas over the desired range of variables are
assumed to be available.

The task of expressing the thermodynamic properties in a form that a
digital computer can use efficiently leads to the second numerical problem.
Clearly, the entire calculations undertaken to produce a tabulated value in
reference 1, for example, cannot be repeated each time a thermodynamic
relationship is desired. Some form of numerical approximation must be
employed that requires a reasonsbly small amount of machine time and still is
sufficiently accurate. This 1s not a trivial problem. Aside from the
obvious necessity of accuracy is the guestion of consistency or continuity.
If the gas properties are approximated by different equations (e.g., poly-
nomials) over different regions, care must be taken that along lines joining
the regions, the gas properties are consistent. Discontinuities in the
thermodynamic calculations can lead to serious difficulties since the finite
difference methods subsequently employed are unstable.

Several approaches to this problem have been tried. One is to return
to physical considerations and to develop a mathematically simplified model
for the gas. A good example of this method is demonstrated in reference 2.
Another approach is to develop a bivariant interpolation procedure that
provides accurate, continuous data over a range limited only by the numerical
tables provided. The latter method was used in this report and is discussed
briefly below.

Machine requirements.- The thermodynamic properties for air were taken
from references 1 and 3, the latter being used for the speed of sound. The
data cover a temperature range from 180° to 27,000° R, a density range from
107® to 102 times sea-level density, and a pressure range of 1076 to 10%




atmospheres as shown in figure 2.

Since the data tabulated in reference 1
have a lower temperature limit of
3,600° R, the dashed portions of the
curves down to 180° R in figure 2 were
obtained by using data presented in
reference 4. Initially, over 10,000
tabulated values were stored in machine
memory, but the use of more refined
interpolation methods (see ref. 5)
reduced the storage requirements to
about 2,200 values. At present the
entire (FORTRAN) subprogram, both data
and logic, required to calculate in air
the speed of sound, enthalpy, temper-

From ref |

] / L}

. . ) / / From ref 4
ature,anq entropy for given pressure. G | g
and density or pressure and entropy, is 100 102 104 108

less than 4,000 words. Estimates of p,atm
the required operational timesl are
given in the following table:

Time, Figure 2.- Temperature and pressure ranges
Given  Find Gas type millisec e e Semotynanic properties
D,p a Real 3.4
P,p a,h,5,T Real 5.5
p,S a,h,p,T Real 13.8
p,S a,h,p,T Perfect 2.0

Accuracy.- Estimates of the accuracy of the interpolation procedure were
obtained by using the compacted interpolation tables in the final real-gas
program to recalculate the original data. Given the pressure and density,
the speed of sound, enthalpy, entropy, and temperature were calculated. The
difference between the calculated value and the original tabulation (none of
the original data appears in the tables used for interpolation) gives a
megsure of the accuracy to which the gas properties are represented. The
numbers shown in the following table are the percentages of interpolated
points with errors greater than the given value. Of the 2624 comparisons

0.5 1 2 3 L 5 10
Error percent percent percent percent percent percent percent
a 13.15 .63 1.20 0.45 0.1l7 0.08 0
h 5.0k 45 0 0 0 0 0
S 21 0 0 0 0 0 0
T 0 0 o) 0 0 0 0

made for each variable, none was in error by more than 2 percent except for
the speed of sound. About 5 percent of the calculated values for the speed
of sound disagreed with the tgbulated ones by more than 1 percent. This dis-~
agreement occurred in the very high temperature and low density region where

The actual calculations were performed on an IBM 7090 which has average
addition and multiplication times of 14 and 25 microseconds, respectively,
and a cycle time of 2.18 microseconds.
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the basic data itself disagrees with more recent calculations (ref. 6). It
should be pointed out that the thermodynamic contributions to the blunt-body
calculations presented in the following sections depend, except for crossing
the shock, entirely on the relation between the speed of sound, density, and
pressure. The solutions reported herein are based on a gas that differs from
argon-free air generally by less than 1 percent, but can, in some regions,
differ by as much as 3 percent.

Consistency.- Most interpolation schemes constructed for two or more
independent variables make use of only a small number of the total number of
entries to calculate any given point. This means that certain lines or
planes exist, on either side of which different sets of entries are used for
the interpolation. Consider, for example, figure 3. Suppose a nine-point

interpolation method uses columns 2,
5¢ 7 3, and 4 and rows 2, 3, and 4 to cal-
culate values of the dependent varia-
bles in the region ABFE and, to avoid
4 (* q extrapolation, uses colums 3, 4, and

5 with rows 2, 3, and 4 to calculate
values in the region BCGF. The object
is to make the interpolated quantity
continuous across line BF. The method
E F G H chosen to accomplish this is to inter-
€ / polate first along rows independent of
the colums (or vice versa) and then
to interpolate the results in the
'| 2 3 a 5 P remaining direction, making sure the

Column number interpolation formula always exactly
reproduces the control points. In
Figure 3.- Sketch of general interpolation this way, 1o matter which set of
method used for properties of real gas. points is used, only points along
column 3 actually affect the value of
the function on BF. If we imagine
that points in the mesh represent the locations of poles of varying heights,
this amounts to placing pinned bars with continuous first and second deriva-
tives (a spline fit, see ref. 5) across the poles in one direction and inter-
polating between the bars in the other direction. Such a method did not
contribute, so far as could be determined, to any stability problem in the
numerical computations presented in this report.

(&}

Row number

Field Equations

The basic Eulerian equations representing the continuity of mass and
momentum in a plane Cartesian (e = 0) or axisymmetric (e = 1) coordinate
system are (the subscripts representing differentiation)

cve

VOy OV, + Upy + oy + o = 0 (1)




and
PUly + PVUy + Dy = O (2a)

puUVy + EVV. =0 (2b)

y TPy
respectively. For a gas in equilibrium, the pressure is determined by any

two thermodynamic variables, say

p = p(p,8)
Then

% = (a_p % 4 .a_p.> E
DT ap/s Dt s, o Dt

where the subscript now denotes the fixed value in the partial differentia-
tion, and the symbol D/DT represents the Eulerian derivative along a
streamline. Since the entropy is constant along streamlines,

DP.o
DT
and one finds
up, + Vb, - afupy - avpy = 0 (3)

where a 1is the local speed of sound, V(dp/ap)s. The thermodynamic rela-—
tionship

a = a(P,p) (4)

provides the fifth equation, connecting the five unknowns p, p, u, v, and a.
Equations (1) through (4) are converted to finite difference equations and
solved numerically. A discussion of this procedure is given in the section
on numerical analysis.

Coordinate Transformation

The complexity in the details of programming difference equations with
more than one independent variable depends critically on the boundary con-
ditions, not only as to what they are, but also as to how they are treated.
The algebraic complexity of the equations is relatively unimportant. For
this reason the governing equations are usually transformed to a coordinate
system suitable for the simplest application of the boundary values.

Let us introduce the following transformations:

5 S(XJY)

t t(X;Y)
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and

then

and, using the definitions

and

we can write the field equations in

where

x = x(t,s)
(6)
y = y(t,s)
__@_ = Sy _3_ + 'tx ..9_
Ax * Js dt
Sy ds At
Fi1 = syu + syv
(7)
o = tyu +—tyv
. ove ‘
Ry = - el Fapp - ptyuy - ptyvy
Ro = -typy - ofFauyg
R8 = —typt - plovy
R, = -Fapy + affzp;
the matrix notation
[A]l [B] = [c] (3)
— —
0 Fl DSX psy
SX 0 pFl 0]
[A] = (9)
Sy 0 0 pF1
1 —aZFl o) 0




[B] = (10)

and

[c] = (11)

For practical purposes, the transformations (5) and () must be in a form
that a machine can readily translate, or their usefulness is lost. In our
present applications they are simple enough for straightforward analytical
inversion.

Boundary Conditions

Blunt bodies in a supersonic flow have recelived considerable attention
from a number of authors (see, e.g., refs. 7-17). The various approaches to
the problem can be categorized intu two groups. In one, the direct problem,
the location of the body is specified, together with the condition that the
Rankine-Hugoniot equations be satisfied across some upstream shock of unknown
location. 1In the other, the inverse problem, the location of the shock and
the conditions for crossing it are both given and whatever body results is
found as part of the solution. The direct problem is generally approached by
means of a method of integral relations developed by Dorodnitzn (ref. 18) and
adapted by Belotserkovskii to the particular case of the blunt body (refs. 10
and 11). The inverse problem was solved successfully by several others
(see ref. 19) who found that suitable numerical methods would yield suffi-
ciently accurate results even though such methods have regions of numerical
instability.

The analysis presented in this report is concerned entirely with the
inverse problem. In the opinion of the authors, however, neither method is
superior to the other as a completely general approach, both having their
merits and deficiencies. It is gratifying that, where comparisons can be
made, both give identical results to the degree of accuracy claimed (see the
section on Results and Discussion).



NUMERICAL ANALYSIS

Difference Equations

The coordinate system chosen for the solutions given in this report is
shown in figure 1. It is identical to that used by Fuller in reference 1k.
One set of coordinates is parallel to the free-stream direction. The axis of
the other set is the shock itself, and the coordinates are those lines
obtained by a uniform displacement of the shock in the free-stream direction.
Thus, if the equation of the shock is

then we can assign coordinates such that

s = x - X(y)
(12)
t=vy
and
x =5 + X(t)
(13)
y =t

replace equations (5) and (6), and equations (7) become
Fl=u——v
FZ:'V

This coordinate system is obviously convenient for starting the inverse
problem although not optimum for studying body shapes. The coordinates are
equally spaced in both directions, and their intersections define the points
for the difference mesh.

The numerical calculations are divided into two parts. First the
derivatives Dy, 0O, U, and v are calculated numerically for the known
vaelues of p, p, u, and v along a +t coordinate. Only the first derivatives
are needed,2 and they are determined by a standard five-point central
difference method. (The nunbers are first "smoothed" along the +t coordi-
nate - see the section on Stability and Divergence.) The s axis is a plane
of symmetry, and the data at the upper end of a 1t coordinate are differen-
tiated by a skewed five-point difference scheme. This information is used to
advance the solution in the s direction by a predictor-corrector technique.

2
On the axis where t = 0, it is necessary to calculate pgt also.

10
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Consgider, for example, that the pressure p has been calculated or is given
at all points along the t coordinates for which s = (i - 1)As and

s = iAs. We proceed to find p at points for which s = (i + 1)As by the
following steps. (The solution was started by a first-order predictor
followed by two correctors.)

Step N\
Given from
previous step 1 Py pi_l
(
2 Numerically differentiate pi along t giving
P
Ty
First 3 Find p using partial differential egqguation,
corrector 51
Psi = f(Pi: pti) Pi> Dti: coe )
L Find first corrector, b, = pi—lfko'5AS(pSi—1*'pSi>

S Numerically differentiate ﬁi along t
Second . - - — - —
corrontor 6 Find By, = £(D3, Py s by Pp> .
7 Find Bj = p;y_, +0.545(pg; | + D)
(8 Numerically differentiate Ei along t
Predictor for 9 Find p.. = f(%:, D.., P« B )
S - 1 . 2 .2
next step 1 T17 LT Ty
;lO Predict py,, = DPj_, + 2As§si
(1h)
In this process £(py, Dtys O3s Pp,o + - - ) is the function obtained by
i

solving for the matrix [B] in equation (8).
Convergence

The question of convergence 1is generally considered in two parts.
First, as the mesh size is reduced, do the difference equations converge to
the differential equations; and second, assuming they do, does the calcula-
tion procedure itself converge throughout the region of application? The
complexity of the governing equations makes the answer to these gquestions

11



impossible from a purely mathematical approach. We are more fortunate,
however, when viewing the situation from the physical side. With regard to
the first question, if the difference equations do not reduce to the specified
differential equations, then they must reduce to some set of differential
equations which violate one or more of the conservation laws. But there are
independent checks of whether or not these laws have been violated. For
example, the body surface is located by the condition of mass conservation

and if momentum or energy is not conserved (which amounts to adding or
absorbing heat) the entropy and total enthalpy calculated at the body location
would not be constant. These conditions were checked, and for the solutions
presented, entropy was constant (to an accuracy consistent with the calcula-
tions) along streamlines, and the total enthalpy was constant throughout the
flow. These are independent checks since entropy and enthalpy are not used

in calculating the flow field. They allow us to be reasonably certain that
the results of the finite difference methods employed do correctly represent
solutions to equations (1) through (k).

We treat the answer to the second question, that is, whether or not the
calculation procedure itself converges, by the following argument. If the
calculations give answers that are physically consistent (e.g., satisfy the
conditions mentioned above) and are not significantly affected by change in
mesh size, we assume they have converged and represent a correct answer.
Procedures that diverge are discussed in the next sectilon.

Stability and Divergence

We seek to study the flow properties behind a prescribed shock given the
flow properties ahead of it. Mathematically this amounts to the study of an
initial value or Cauchy type problem. If we are, in fact, seeking a specific
body shape behind the shock, then we are attempting, in mathematical terms,
to replace a boundary-value problem with an initial-value problem. The
difficulties arising from such an attempt lead to some of the most fundamental
problems in the numerical treatment of both partial and total differential
equations. Discussions of these difficulties as they specifically pertain to
the inverse, blunt-body problem have already reached the textbook stage (see,
e.g., ref. 19). We repeat some of this discussion in order to develop some
points we wish to clarify.

In the study of equations (1) through (4) by means of equations (14),
numerical instabilities are easy to detect once they have started. The
boundary of their onset separates regions where the variables are at least
physically possible from regions where they fluctuate beyond all reason
(negative pressures, densities, etc.). The complexity of the problem makes
complete mathematical rigor in these studies practically impossible, and one
is forced to rely on experience with linearized equations and familiarity with
the physical problem for help in making the arguments plausible. Neverthe-
less, an attempt is made to identify all the difficulties encountered in this
study with one of the following categories (see ref. 20 for terminology and
further background):

12



1. TInherent instabilities
(a) Due to ill conditioning (nonessential)
(b) Due to singularities (essential)

2. Induced instabilities

Consider the two main categories. Inherent instabilities are brought about
because the differential equations themselves contain an unstable (exponen-
tially growing) solution in the direction of one independent variable while
remaining bounded in the other, or because the differential equations contain
a solution that is singular. Such instabilities are not caused by the finite
differencing. Induced instabilities are brought about by the particular
numerical techniques employed, mesh size, degree of truncation, implicit or
explicit methods, etc., and can lead to implications quite spurious with
regard to true solutions to the partial differential equations.

Discussion of inherent instabilities.- For convenience, the two different
kinds of inherent instabilities mentiocned above will be referred to as
essential and nonessential. The terminology 1s, perhaps, not apt because
what is referred to as an essential instability is actuslly caused by the
appearance of a singularity or group of singularities in the flow region
between the shock and body. These singularities are invariant to coordinate
transformations and represent the locations of sources or sinks that would
appear in an exact analytic solution behind an analytic shock. Nevertheless,
we refer to the numerical behavior caused by them as an instabhility because
of its similarity in appearance to other nunerical phenomena which are
identified by that term.

The important distinction between an essential and a nonessential
instability is that the latter would not occur in an exact analytic solution.
What we refer to as nonessential instabilities are started by round-off,
truncation or end-of-array inaccuracies due entirely to the fact that numeri-
cal methods sre employed. 1In most of the literature pertaining to the
stability of partial differential equations, the statement is made or implied
that initial value data are always unsuitable for elliptic equations (see
ref. 21). In our terminology it is the existence of nonessential instabili-
ties that leads to this conclusion, a conclusion that is valid if such
instabilities cannot be controlled.

A great deal has been written on the effect and control of (what we have
defined as) nonessential instabilities. So far as the authors know, all of
the reported discussion attempting to identify these instabilities with the
local form of the governing equation (elliptic, parabolic, or hyperbolic)
have been limited to the elliptic or subsonic region. Although nonessential
instabilities could be detected in the subsonic portion of the flow field
if the numerical differentiation in the t direction was of very low order
and no smoothing was used, no difficulties were encountered in this area in
the studies being reported. The really critical area for instability was
located in the supersonic portion of the flow, roughly in the shaded region

13
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Figure L4.- Sketch of flow field showing
critical region of instability problems.

in figure 4. 1In fact, in this region
it was possible to isolate all three
of the major types of instabilities
listed above. (We should mention at
this point that the difficulties
inherent in the asymmetric differen-
tiation formulas used at the upper end
of the arrays often accentuate the
breakdown, but they are not the cause
of an instability.)

Mathematical definitions and
implications.- Consider the flow
behind the shock in the area where it
is supersonic. As we march inward
from one t coordinate to the next,
we are perpetrating an initial value
problem. Let us use the term properly
set in the usual way; that is, Cauchy
data (function and derivative) are
properly set for the wave equation
along the t = 0 axis, and Neumann or
Dirichlet data (function or derivative)
are properly set for Laplace's equa-
tion. Usually, stability proofs for
hyperbolic equations stem from the
assumption that initial values or

Cauchy data are properly set. Hadamard (ref. 21) pointed out (and it is well
known in studies of supersonic wing theory) that according to how the line
carrying the initial data crosses each characteristic, Cauchy data may or may
not be properly set for a hyperbolic equation. By Hadamard's terminology, a
data line is duly inclined if Cauchy data are properly set, and nonduly
inclined if they are not. One can easily show that a shock is a nonduly
inclined surface in the region where the flow is supersonic behind it (see
point A, fig. 4), and Cauchy data are, therefore, nowhere properly set along
it. In fact, the t coordinate continues to be nonduly inclined until the
upgoing characteristics lie to its right as is shown at point B in figure b,

If we consider the linearized wave equation for the velocity potential,

P, in the form

cp_'x'_}{ - CPW - CPZZ

=0

and admit only bounded disturbances in a y,2 plane at x = X5 (see

fig. 5(a)), we have terms of the form

¢

where o 1s given by the expression

1k

_ eiByeiyzea(x—xo)



o = *iVpZ + y2 4.

Such solutions, which stem from duly $=eifvelrzections)

inclined data planes, are everywhere a=2i/B2+72, stable for oll Band ¥
inherently stable since ¢ also o
remains bounded in the x direction. 1 S v
On the other hand, bounded data given ]
in the x,y plane at z = z, (see
fig. 5(b)) give terms of the form
Q= eiCLX.eiBer(Z—ZO) (a) Bounded disturbances in y,z plane.

where 7y 1s determined by the
expression $=eiaxgiBygY(z-20)
7=ti«/a2—Bz, stable for e >3

unstable for a<f

y = +iNa® - B2

If B > a, solutions for this nonduly o J'iﬂ
inclined data exhibit nonessential : i
inherent instabilities.

Actually the axisymmetric form of *
the linearized wave equation

1 (b) Bounded disturbances in x,y plane.
Py = By = F By = O ‘
XX y oy : . 1
Figure 5.- Illustration of stability
results for wave equation,

has no solutions that are inherently Pxx = PByy = Pz = 0
unstable, regardless of the inclination

of the data plane. On the other hand,

the wave equation ’

_acpyzo

Py ~ ¢&y
where a 1is a constant greater than zero, 1s stable for nonduly inclined
data, and unstable for duly inclined data! (The two previous cases are
examples of local or "weak" instability not resulting in over-all or "strong"
instability.) The principal point being made here is that the nonlinear
equations governing the flow field may have inherent instabilities in the
supersonic as well as in the subsonic regions. In fact much of the numerical
discussion, as well as most of the criticism, of the inverse method concerns
the existence and manner of treatment of the nonessential instabilities.

The argument usually posed by those who use the inverse method is, simply,
that the gas layer between the shock and body is thin enough that the errors
caused by numerical calculations cannot grow sufficiently large to invalidate
the first few significant figures in the results. In this report we hypothe-
size that this argument is sufficient to validate those cases for which the
solution passes the consistency checks on total enthalpy and entropy
mentioned in the previous section.
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Absolute reliance upon the hypothesis just mentioned is anot always
satisfactory in application, and 1s certainly not satisfactory from a theo-
retical point of view. Basically, the validity of such a hypothesis is
coupled with the word size (number of significant figures carried in each
arithmetic operation and stored in memory) available in the computing machine.
It is not always wise to demand larger computing capacity merely to push
ahead a few more steps before exponentially growing instabilities started by
numerical truncations swamp the first few significant figures in the calcula-
tions. A more sensible approach is to face the problem with analysis and
attempt to suppress nonessential instabilities by appropriate numerical
methods. One such method, that has been used by several authcrs (see
refs. 1k and 19), is to "smooth" or filter the data along each t© coordinate
as the computations proceed. Since this method appears to be extremely
useful, we shall discuss it in some detail.

Filtering.- Consider the variation of pressure along a t coordinate
and behind a curved shock as shown in figure 5(a). Let us expand the pres-
sure distribution in & Fourier series between the maximum absolute values of

t used in the calculations; thus

50
10 p(t) nt B
= by cos T “Thax < U< tpax
P Pupax L max
Pmax n=0o

(15)

The magnitudes of the coefficients are
shovn in figure 6(b). We see that
I | i | the first few terms dominate the
° S uo fmax 15 2o expansion; and higher order terms,
corresponding to higher freqguencies,
(a) Pressure distributicn. are negligible. Next we assume that a
Fourier expansion for any of the
5 dependent variables over the same
i interval along any 1t coordinate
between the shock and the body would
exhibit the same genersl behavior,
2 %%nmsFﬂ< that is, could be expressed with
[ba| mer o e acceptable error by the first few
terms in a Fourier expansion.

The above assumption certainly
warrants some discussion. However, to
attack it simply on the basis that it
arbitrarily prohibits high-frequency
terms in the true solution is not

L9 8 4 0 00t O— 00—

0 4 8 12 I3 20 Justifiable, since any method using
n . . . . .
finite difference technigues is sub-
(b) Fourier coefficients. Ject to such a criticism per se. 1In

) i . . fact, it 1s a fundamental theorem
Figure 6.- Harmonic analysis of pressure

distribution just behind bow shock wave.
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in communication theory (see ref. 22) that the highest resolvable frequency in
any finite trigonometric series to be represented by a discrete number of
points is related to the number of points themselves. Consequently, if more
points are used than are required to resolve the highest frequency, the
remaining points carry redundant information. The real assumption, then, is
not that we arbitrarily exclude high-~frequency terms, this being the case

for numerical calculations in any event, but rather that we can take enough
mesh points to make data contained in them largely redundant in the sense

just mentioned. (Although we do not discuss it further here, certain
coordinate transformations optimize this procedure.) Under these circum-—
stances, high-frequency terms, appearing from more or less random errors
brought about by numerical truncation in calculations made at discrete points,
fall above the frequency range required to express the true solution and can
be excluded if the proper numerical filter is applied. The following dis-~
cussion briefly describes such a filter.

Let us consider an even function F(x) that can be represented by a
Fourier cosine series in the interval O < x < L. Thus

(9]

P(x) = ) oy cos B (16)
=0
Now define the operator fj by the equation

fJ.(F) = % [F(x + jhy) + F(x - Jho)l

where h, 1is the spacing of the points in the x direction. Letting Vj
be arbitrary welighting factors, the seguence of operations

J
S,

J=o

applied to equation (16) results in the expression

J o]

(l) —
m
j=o m=o
where J
Ap = %HE:Vj cos Qﬁng
J=o
If we define a polynomial, Pf, such that

17
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' Jmrhe
Po = V: cog ——
£=) vy eos 22
J=0

then we can write equation (17a) as

M
(2) nix
F(x) =ZPfam cos ==

m=0

It is evident that n repetitions of the operation results in the expression

() o
n

P (x) =ZPf ay cos (170)
m=Q

A study of equation (17b) leads to the following conclusions:

1. If the function F(x) is replaced by certain weights of its average
at equally spaced intervals to the right and left of x (i.e., applying the

J
operator z:\afiﬂ, the coefficients in its Fourier expansion are multiplied
J=o
by Pp. Further, if the operator is applied n times, each coefficient is
multiplied by the nth power of Pg.

2. The magnitude by which each coefficient is affected is independent
of x. It depends only on the arbitrarily assigned weights Vj and the
factor mrho/L.

3. Define g new parameter, z, in terms of the point spacing, ho’ as
follows:

_ Mg
z = 1 cos T

Now consider that a polynomial in %z can be found for the interval
0 <z <2, Let its coefficients, wj, be defined by the relation

J J

J Jmsth g
ZWJZ —ZVJ- cos I
J=o J=0

Multiple applications of the above operations amount to forming the polyno-
mial, P.%, in equation (17b). They will leave the harmonics for which

18




0 <z < z; vunchanged and will destroy 1.0
all harmonics for which zz <z < bz,
Harmonics for which 2z <2z < zp will Pt
be distorted according to the nature of
the polynomial (see fig. T(a)). 51
Specifically, if
my 1 -1
T g cos (l z1) - ]
0] Z) Zp | 2
z
2 _ L COS_l(l - ZZ) (a) Typical polynomial filter.
L 1h
harmonics below m; will be undis- 10

torted and those above my (except for PER1-1222/35
very high frequencies) will be

destroyed.

In our application, hy 1is unknown.
We simply assume an L exists for
which our numerical results can be
expressed with acceptable error below
some ml/L and for which our numerical
procedures will introduce errors that
lie above my/L. Numerical experi- -5
mentation with the spacing h and the z
polynomial form of Py have verified
that this is so.

A

or=

(b) Filter used in present report.

The actual POlynomial used for the Figure 7.~ Effect of filtering on harmonic
results presented is function.
* 12
PN =1 - == 22 18
£ 35 (18)

Each application of Pf* amounts to moving the central point in a group of
five to the curve obtained by fitting a least-squares quadratic to them (see
ref. 23, p. 318). The effect of applying Py* over a range of freguency to
spacing ratios is illustrated in figure 7(b) and presented also in refer-
ence 2k. The sharper filter, (Py¥)1°, is also shown in the figure.

The use of numerical filters of this type can be contrasted to the use
of higher order numerical differentiating processes. Consider, as shown in
figure 8(a), a set of data all zero except for one "bad" point. These data
were numerically differentiated by central difference schemes and the results
harmonically analyzed. The results given in figure 8(b) show that with
higher order difference methods the amplitudes of higher frequency terms are
increased and the over-all maximum amplitude itself is increased. On the
other hand, a five-point difference scheme followed by repeated filtering, of
the type Jjust described, has the opposite effect. This does not mean, of
course, that relative to low-order schemes, high-order different}ating
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(a) Set of data with one "bad" point.
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(b) Harmonic analysis of data after
differentiation and filtering.

Figure 8.- Effect of differentiation and
filtering on data.

Figure 9.- Effect of interval size on
determinant [A] in equation (9).

processes are inferior. Their value
comes in reducing the initial error.
(Even this, however, depends upon the
nunmber of significant figures carried
in the calculation. See, e.g.,

ref. 17.) But once this error has
been committed, the higher order
methods are of no value in controlling
its effect on the stability.

Examples of inherent instabili-
ties.- We now present an example of an
inherent instability. Four curves are
shown in figure 9, one corresponding
to each of the four possible combina-
tions of two spacings for As and At.
The quantity plotted is the magnitude
of the determinant [A] in equa-
tion (9), the value of which is, of
course, critical in evaluating the s
derivatives of the dependent variables.
(Actually, any one of the dependent
variables could be used to display the
same result.) The points are located
along a t coordinate in the super-
sonic region above the body and down-
stream from the shock. Notice that
the instabilities have no correlation
with the ratio of at/As (all other
conditions were held constant), but
rather with the absolute value of At.
For the larger A&t no fluctuations at
all are observed, whereas, for the
smaller At, unstable oscillations
begin at a t of around 0.6, and the
distance between successive maxima and
minima is about five times the A&t
interval size.

An explanation of this behavior
can be proposed by applying the results
shown in figure 7. The =z (eq. (18))
in figure 7(b) corresponding to the
smaller +t spacing is about 0.2, at
which value Pf* is about 0.99 for one

application of the filter and about 0.90 for 10 successive applications.
Hence, the amplitude of a term with the frequency corresponding to the oscil-
lating curves presented in figure 9 is only slightly damped by the filter
represented in figure 7(b). A corresponding study for a value of 2z equal

to 0.7 (representing the larger +t

spacing in figure 9) shows that the same

frequency would be heavily damped, especially for multiple applications of

the filter.
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This is considered to be a typical
case of a nonessential instability.
Since it can be controlled, the term
nonessential appears to be appropriate.
The extent of the curves shown in
figure 9 was well within the region where
the t coordinates in the supersonic
flow are nonduly inclined (a region
defined by the inequality [A] > 0).

We next present an example of an
inherent instability which we have
classified as essential. The authors
attempted to find the body following an
elliptic shock because references & and
1k gave solutions for a series of shocks
that were portions of conic sections.
For the particular case chosen, the cal-
culations showed violent fluctuations
Just as the sonic line met the body-
Since it was necessary to obtain data in Figure 10.- Sketch of flow field with
the supersonic region in order to start essential instability.

a. characteristic solution, this situation
could not be tolerated. As more and more
attempts were made to force the solution
into the supersonic region near the body,
using various smoothing processes similar
to and including the one just described,
it became increasingly clear that the
kind of instability illustrated in the
previous example was not at the root of
the trouble. A total of five different
kinds of smoothing and four different
kinds of end-of-array controls were tried.
The flow fields were examined and in each
case a line was constructed past which
the fourth difference of the density
along a t coordinate began to fluctuate
violently. Values of At and As were
also varied but, not only were all cases
unstable, all of the lines dividing the
unstable from the stable area fell within Figure 11.- Sketch of flow field showing
a narrow band. Finally the length up the EZ?;:ﬁ:e;;fzic Line emanating from
shock, along which the initial data were

given, was greatly extended and this

critical line was discovered to intersect the elliptical shock where the
shock became tangent to a free-stream Mach line, point A in figure 10.

Hemisphere-cylinder
tangent point,

.

“Characteristic line

In retrospect, the situation is clear. Consider the case shown in
figure 11 which represents the actual shock caused by some blunt-nosed cylin-
der. We hypothesize (see Lighthill in ref. 25, p. 440) that the slope of the
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entire shock all the way to infinity is determined entirely by the shape of
the nose ahead of its point of tangency with the cylindrical afterbody. Only
at infinity does the shock become tangent to a free-stream characteristic or
Mach line. If we were to construct an elliptic shock, then, not only must we
provide some sort of sink sheet in the region behind the critical 1line in
figure 10, but no matter how far (in terms of a unit body diameter) away point
A might be, the sink line would extend into the nose region. In actual prac-
tice (e.g., in fig. 10) point A is far above the largest value of t used.
Nevertheless, a basic postulate of the inverse method depends upon the valid-
ity of analytic continuation, and the existence of the singular region is con-
tained in the shock data all the way down to the axis of symmetry. An
accurate solution must contain these singularities for they are a true solu-
tion to the flow field following an elliptic shock. Hence, and it is to be
emphasized, elliptic shocks were not used for the solutions presented in this
report. Subsequently, the authors found that Schwiderski (ref. 15) has dis-
covered the same result and has even analyzed the asymptotic behavior of the
singular characteristic when it intersects the shock at large distances from
the bedy.

For the practical purpose of constructing the flow about blunt bodies,
this kind of singularity and its attendant essential instability is an
unwanted by-product of the inverse method. Shocks that are exactly elliptic
up to point A in figure 10 simply do not occur ahead of blunt bodies in
source-free flow.® The difficulty is easily overcome, however, simply by
starting with an analytic shock shape that is not elliptic and never becomes
tangent to a free-gstream Mach line. Actually, the shock equation used in
this report asymptotically approaches twice the slope of a free-stream Mach
line; and, by means of its use, essential instabilities such as that Just
exemplified disappear. The question of Jjust how close the shock can come to
the free-stream Mach line and just how it should behave at infinity does not
have to be settled for most bodies, because we need only to enter the super-
sonic region far enough to provide information which can be successfully con-
tinued by the method of characteristics. Usually this means that the body
shape need conform to its desired value only up to a point where the local
Mach number is around 1.05 to 1.15. Past this point we imagine the body to
be expanding in the form of a cone, the exact shape of which is immaterial.
The importance of this concept lies only in the fact that analytic shock
equations for such bodies with source-free flow sahead of the limiting charac-
teristic are not difficult to construct.

3This does not mean the results given in references 8 and 14 are not
valid. The body shape and the variables on the body were determined by
extrapolating inward from the smooth portion of the flow. Where comparisons
were made, these published results differed only slightly from the results
calculated using the shock shapes described in a later section of this report.
These differences were limited to the final points in the transonic region,
see figure 17.
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Induced instabilities.- The instabilities discussed above existed
because of the nature of the differential equations. They would actually have
existed in a frictionless flow if the boundary conditions were exactly repro-
duced. Another kind of instability arises which is caused by the particular
choice of numerical procedure. This kind of instability we refer to as an
induced instability, and it can presumably be eliminated by the proper choice
of coordinates, mesh size, and differencing technique.

The study of the stability of difference methods, as they apply to
hyperbolic equations, usually pertains to the continuation of Cauchy data
given along a duly inclined line. The criterion given for the stability of
the simplest explicit difference equation (see, e.g., ref. 20) is illustrated
in figure 12. The equation is based on a three-point central-difference
formula written about the point m;n
for the first derivatives in both direc- q
tions. Given equally spaced data along
colum n, the method is stable if, as
we proceed from point & ©o point D
in figure 12(a), the columns are spaced
Ly &3 and unstable L spaced Ly OI4s. Ym[
The condition for stability is related,
simply, to whether the point at i1he mth
row and n + 1 column does or does not
lie in the shaded area bounded by the
characteristics sthown. IF this crite-
rion were to apply Lo our case (when the
nth  colwan became duly inclined), polnt Figure 12.- Sketci of conditions for

. . . stability.
b in figure 12(b) would have to Fall in
the shaded reglon sihown. Actually our case is much more complicated. A five-
point dilference scheme is used alon; the columns and, after smoothing, two
corrector equatlions are applied.

X s

Xn Xn+i X Sn Sn+|

(a) %,y plane. (b) s,t plane.

Coupled with the ever present nonlinear tform of our basic eguation, these
complications make a stability analysis of the situation quite involved.
However, it was observed thuat whenever tue flow crosses into a region where
a t coordinate is duly ineclined, the calculation becomes unstable.* For
the cases presented in this report, this crossing only occurs in the high
supersonic region so no attempt was made to control it. The line along which
the crossover occurs simply becomes a boundary past which calculations were
not continued.

4When the t coordinate changes from a nonduly to a duly inclined line,
the value of [A] in equation (9) passes through zero. Since [A] 1is the
denominator in the egquation for the forward-marching derivatives, this can
lead to difficulties in numerical methods (although, of course, the numera-
tors also must vanish). As was the case for the end-of-array, asymmetric,
numerical differentiation this occurrence may help start the growth of
instability but it is not the cause of it.
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This way of treating such an instability is only an expedient. Blunter
bodies and solutions at lower Mach numbers demand that these instabilities be
controlled. Studies to this effect are continuing.

RELATING THE SHOCK AND BODY SHAPES

If we assume that all the stability and convergence problems can be
controlled where necessary, the real success of the inverse method still
depends upon the ability to find some relationship between families of shock
and body equations. In other words, it depends upon the ability to formulate
a shock equation that can be systematically modified to a point where it
yields a given body to a prescribed accuracy. The following method was used
in this report.

As was pointed out in the Numerical Analysis section, elliptical or
spherical shock shapes introduce singularities into the flow field which can
cause essential instabilities to occur in the low supersonic region near the
body. 1In order to avoid these difficulties, the equation

is used for the shock variation. This equation is simply a ratio of poly-
nomials.

Since the body shape and size corresponding to the given shock are not
known at this time, it is convenient to reference the x,y coordinates to
Rg, the radius of curvature of the shock wave at y = 0.

Most body shapes of interest are conics or can be approximated by one.
The general equation for a conic can be written in terms of the present
coordinate system as 2

————_—E(X .y + % Bb(X - A) = Rp (20)

where A 1is the shock standoff distance, By, 1s the body bluntness parameter,
and Ry is the radius of curvature of the body at y = 0. The only conics
considered in this report are ellipsoids which include a sphere and a
paraboloid as special cases. The relationships between the body shape
parameters are (fig. 13):

Body shape Bp
Ellipsoid (b/R)Z
Sphere 1
Paraboloid 0
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In relating the body shape to the \ ¥

shock shape, two factors must be con-
sidered. First, the ratio, Rp/Rs,

which relates the size of the calcu- \\: \\\\
lated body to the shock shape must be
determined, and, second, the closeness _ g:\_ b

of fit of the calculated body points
to the desired body shape characterized

by Bp must be determined. The
following procedure is used in the \\\\ \
present method . \\\
N DI
1. Values for the shock shape R 4

parameters are asswned, and the flow
field is calculated including the body
shape . Figure 13.- Sketch of ellipsoid.

2. The body cuordinates™ for sur-
Tace Mach mwunbers between 0.0 and awbout
1.0Y are substituted into the lert side of equation (ao) and plotted against
(x - 4,/Rs- These points are fitted with a horizontal straight line that mini-
mizes X5, the sum of the absolute differences between the points and the
line. The ordinate of the line is the ratio, Rb/RS, and the sum of the
absolute differences is a measure of the closeness of fit to the desired
conic.

5. Any given parameter in the shock equation can be changed by a
specified increment until %o is minimized.

Lo This procedure is repeated, if necessary, [for the other shock
parameters.

Each iteration requires approximately half a minute on an IBM 7090 for a real
gas snd less time for a perfect gas. The success of this method and the
details of its application to specific bodies for given free-stream condi-
tions are discussed in the next section.

RESULTS AND DISCUSSION

Spheres for a Perfect Gas

Since shock-wave shapes for hemisphere-cylinders in a perfect gas have
been studied extensively, both experimentally and theoretically, this problem
is logically one of first concern. Some experimentation with equation (19),
using the method outlined, showed the rather remarkable fact that

SThe body coordinates for Mach numbers less than 0.5 are ignored because
they generally lie on a circular arc and because of the scatter introduced by
small values of the denominator, x -~ A, in the first term of equation (20).
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spherical-nosed, axisymmetric bodies are produced to a high degree of accuracy
(at least as accurate as a spherical representation of the earth) by the

simple, one-parameter equation

o5< > +A5(y>

1 + (Rs/

where As 1s the shock-wave parameter. This equation is valid for free-
stream Mach numbers greater than 5 for 7 from 1.1 to l.OQLT. The numerator
of equation (21) represents the first two terms for the series expansiou

of a conic section. The denominator provides that for large distances from
the nose, the shock slope is twice the Mach line slope. This condition was
imposed to avoild essential instabilities, but it does not necessarily prevent
the shock angle from becoming smaller than the Mach angle in suue intermediary
region.

Values of the shock-wave parameter, As, for a sphere are shown in
figure 14. Since the method used to optimize As depends slightly on the
magnitude of the step size, As, a standard value of As = A/7.1 was used.
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Figure 14.- Shock-wave parameter for sphere.
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The rat .o of nose radius to shock
radius 1s shown in figure 15, and the
shock standoff distance in terms ol
shock radius and nose radius is shown
in figure 16. The corresponding 24—
results of Van Dyke and Gordon (ref. &),
Fuller (method of ref. 14),% and
Belotserkovskii (ref. 11) are shown for
comparison.

=1.6667

It was noted in reference 26 that
the surface pressure distribution in
the transonic region ol a sphere
obtained by the Fuller method showed
deviations from experiment and that
this resulted in a discontinuity in the
slope of the surface pressure distri-
bution when the flow-field calculations /. 2857
were continued with the method of char-
acteristics. This difficulty is 08 |2
believed to be caused by the singulari- K\ »_%_+7

S

ties brought about by the use of an 06
elliptical shock. As a typical example, Ol
the pressure distribution on a sphere 04
for M, = 10 and y = 1.4 is shown in —o~Present method Fq
2 & Van Dyke & Gordon, ref 8
021 & Belotserkovskii, ref. 11
O Fulter; method of ref 14
— = 1 I I T |
6 %5 2456 810 20 30 405060 80 100
Although only two-dimensional Meo

results are reported in reference 1k,
the method is applicable to axisymmetric
flow also. Some of these results are Figure 16.- Shock standoff distance for
shown in reference 26. sphere.

{(b) &/Ry
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Figure 18.- Shock-wave shape and sonic
line for sphere; ) = 1.k, M, = 10.

figure 17. The results of the present
method are in good agreement with
Belotserkovskii's results, whereas the
results of Van Dyke and Gordon and
Fuller's method yield lower pressures
in the transonic region. Comparisons
with Belotserkovskii's results for the
shock shape and sonic line are shown
in figure 18.

The validity of the blunt-body
solution has Dbeen demonstrated in pre-
viously published comparisons witn
experimental measurements of shock
standoff distance, shock shape, and
surface pressure distribution (e.g.,
refs. O and 2¢). Flow-field properties
between the body and shock wave have
been determined by Sedney and Kahl
(ref. 27) from interferograms of
spheres in free flight. A comparison
of measured and calculated constant
density lines 1is shown in figure 19
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Figure 19.- Constant-density lines for
sphere in argon; 7 = 1.6667,
Mo = 5.329.



for argon with My = 5.329 and in figure 20 for nitrogen with M, = 5.017.
For argon, the comparison is poor in the stagnation region. In fact, the
calculated shock standoff distance is 5 percent greater than the measured
value. Since the shock standoff distance depends strongly on 7, it is possi-
ble that the argon used in the tests was slightly contaminated with air. For
nitrogen, the constant density lines and shock standoff distance calculated
for y = 1.4 compare well with the measurements as shown in figure 20(a).
This result supports the conclusion of Sedney and Kahl that the vibrational
states of nitrogen were not excited. This conclusion is also supported by
the poor agreement with the resl-gas calculation shown in figure 20(b). This
calculation method, which will be discussed next, assumes the gas properties
to be those of air in thermodynamic equilibrium.
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(a) Perfect gas calculation.

159  Sedney & Kahl, ref 27
143 Present method, air in
thermodynaomic equilibrium
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(b) Real-gas calculation.

Figure 20.- Constant-density lines for spheres in nitrogen; » = 1.4, M, = 5.017.
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Spheres for a Real Gas (Air in Thermodynamic Equilibrium)

The same one-parameter Tamily of shock shapes obtained for a perfect gas
has also been found to be applicable for real-gas calculations for air in
thermodynamic equilibrium. Values of As have been obtained for the velocity
range from 10,000 to 45,000 ft/sec and for the altitude range from 100,000 to
300,000 feet as shown in figure 21. This range of solutions includes the
effects of dissociation of oxygen and nitrogen and the effects of ionization.
The atmospheric properties were obtained from reference 20.
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Figure 21.- Shock-wave parameter for sphere.

The ratio of nose radius to shock radius is shown in figure 22, and the
shock standoff distance is shown in figure 23. The shock standoff distance
can be correlated with the density ratio pm/pst as shown by Ridyard
(ref. 29). The present results for both a real and a perfect gas are shown
in figure 24. Values of the local isentropic exponent, 7 = a2p/p, for
stagnation-point conditions are shown in figure 25.

The shock-wave shape parameters and stagnation-point conditions for all
the solutions are presented in table I. Body data and shock wave and sonic
line coordinates for all the solutions are presented in table II. In addi-
tion, table II includes flow-field data between the body and shock wave on a
line normal to the body at the point where M = 1.05. These data can be used
as inputs for a method of characteristics program to calculate the flow in
the supersonic region. It is noted that for the highest speeds and lowest
altitudes, the stagnation temperature exceeds 27,000° R, the limit for the
thermodynamic data used. The total enthalpy error in this region becomes as
large as 5 percent.
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Comparison of Real-Gas and Perfect-Gas Solutions for a Sphere

The use of a perfect-gas solution to obtain flow-field results when real-
gas effects are significant has been proposed by many researchers. From
figure 25 it is noted that the local isentropic exponent for stagnation-point
conditions is roughly 1.1 to 1.2. From figure 21(a) it is noted that for
velocities greater than 15,000 ft/sec, the shock-wave parameter As for the
real-gas solutions has nearly the same value as shown in figure 14(a) for
perfect-gas solutions for Me > 15 and y ~ 1.1 to 1.2. Finally, Tigure 2k
shows that the correlation of shock standoff distance witnh densiuvy ratio for
real-gas solutions is nearly the same as for perfect-gas solutions with
7 ~ 1.1 to 1.2. These facts suggest that the local isentrcpic exponent ror
stagnation-point conditions might be the appropriate value of , to be used
in a perfect-gas solution.

A Typical comparison of shock-wave shapes and sonic lines for real-gas
and perfect-gas solutions is shown in figure 26 for Voo = 50,000 ft/sec and
an altitude of 200,000 feet where M, = 28.805 and gy = 1.2272. The equiv-
alent perfect-gas solution was obtained for the same M., and ; = Vet The
differences between the two solutions for the shock standoff distance and
sonic line are appreciable. Better agreement is obtained for the surface
pressure distributions as shown in figure 27. Since the surface pressure
distribution follows Newtonian flow for all solutions, the pressure at the
M = 1.05 location is a measure of the agreement between real- and perfect-
gas solutions. The values of (p/pst)M=1.05’ for all the real-gss solutiocus,

are shown in figure 28 as a function of the effective value of ;. GCenersally,
the agreement with the perfect-gas solutions is good. At least for the
subsonic-transonic region, it appears that a perfect-gas solution is adeqguate
to obtain the surface pressure distribution on a sphere.

Ellipsoids and Paraboloids

Nose shapes other than spheres are also of interest, particularly blunt
ellipsoids. The one-parameter family of shock shapes given by equation (21)
has been found to yield ellipsoids to a high degree of accuracy for values
of the body bluntness parameter up to 2.25. Values of As for , = 1.4 and
M, = & and 10 are shown in figure 29. (The size of As was maintained at
A/7.1.) The ratio of nose radius to shock radius is shown in figure -0,
and the shock standoff distance is shown in figure 1. It is interesting to
note that the shock standoff distance in terms of the shock radius is nearly
independent of the body bluntness. As the bluntness approaches zero, the
ellipsoid becomes a paraboloid in the limit. Values of As for 7y = 1.4 and
My = 4 to 100 for a paraboloid are shown in figure 32. Solutions have also
been obtained for an ellipsoid in a real gas. As an example, for free-stream
conditions of YV, = 32,000 ft/sec at 180,000 feet altitude, the values
of As for body bluntness parameters as high as 5 are shown in figure 33.
The preceding examples illustrate the wide range of free-stream conditions
for which blunt-body solutions can be obtained by the present method.
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SUMMARY OF RESULTS

The inverse method, wherein a shock-wave shape is assumed, and the
corresponding body shape is found, has been used to study inviscid, hyper-
sonic flow over blunt-nosed bodies. Instabilities associated with the
numerical methods employed are discussed and shown to be not informidable.
Solutions have been obtained over a wide range of free-stream conditions for
both perfect- and real-gas flows.

1. A one-parameter family of shock-wave shapes has been found to yield
spherical-nosed, axisymmetric bodies to a high degree of accuracy for perfect
gases over a Mach number range from 5 to 100 for values of y from 1.1
to 1.6667 and for air in thermodynamic equilibrium over a speed range from
10,000 to 45,000 ft/sec for altitudes from 100,000 to 300,000 feet.

2. Comparisons of the results with other numerical methods and
experiments showed good agreement.

3. Comparison of a real-gas solution for a sphere with a perfect-gas
solution, in which the stagnation-point isentropic exponent was the value of
;  used, showed good agreement for the surface pressure distribution but
poor agreement for the shock standoff distance.

. The one-parameter family of shock-wave shapes is also applicable to
body shapes other than spheres, such as ellipsoids and paraboloids.

5. A comprehensive tabulation of solutions is presented for spheres in
air in thermodynamic equilibrium. The results include body data, shock-
wave and sonic line coordinates, and flow properties in the shock layer
along a line normal to the body in the transonic region. The latter data
can be used as inputs for a method of characteristics solution.

Ames Research Center
National Aeronautics and Space Administration
Moffett Field, Calif., March 4, 1964
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TABLE I.- RESUME OF REAL-GAS SOLUTIONS

——
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TABLE II.- REAL-GAS SOLUTIONS FOR AIR

Shock wave

Sonic line \/
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>
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BCCY DATA SHOCK SHAPE
xB YB v PhH1 P RHO M HT ERROR XB YB3
FT/SEC RALC LB/SQ FT SLLG/CU FT
0. C. 0. C. 0.3050E 04 0.2861E-03 0. 0.0004 -0.0947 O.
0.CC04 0.0254 0.1274E 03 0.0254 0.3047€ 04 0.2859E-03 0.036 0.C004 ~-0.0937 0.05cC8
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0.Cl117 C.1523 0.7678E C3 0.1529 0.2966E 04 0.2794E-C3 0.21¢ 0.Cco2 -0.0578 0.3045
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0.0979 0.4314 0.2239€ Oa C.4461 0.2400E G4 C.2330€-03 g.645 -g0.c01aQ 0.2182 0.8629
0.1105 C.4568 0.2384E C4 C.4744 0.2324E 04 0.2267E-C3 G.689 -g0.C0l0 0.2586 0.9136
0.124C C.u822 0.2527E 04 c.5032 0.2245€E 04 0,2201E-03 0.732 -0.0013 0.3019 0.9644
C.1384 0.5076 0.2671E 04 0.5324 0.2164E 04 0.2133E-03 0.776 -0.0016 0.3481 1.0151
C.1539 0.5330 0.2820E 04 0.5621 0.2078E 04 0.2060E-03 0.821 -0.0018 0.3974 1.0659
0.1704 C.5583 0.2970Et C4 0.5924 0.1990L 04 C.1985E-03 C.B864 -C.C019 0.4498 1.1167
0.1881 €.5837 0.3122E Q4 0.6233 0.1900E 04 0.1908E-03 0.915 -0.0017 0.5055 l.1674
0.2069 0.6091 0.3279€ C4 0.6549 0.1806E 04 C.1827E-03 0.964 -0.0014 0.5645 l.2182
0.2271 0.6345 0.3436C 04 0.6873 0.1712E 04 0.1745E-03 1.014 -0.001L1 0.6269 1.2689
0.248¢ C.6598 0.3598E G4 0.7206 Q.l615E 04 Q.1661E-03 L.066 -C.0010 C.56928 1.3197
FIELD LATA SCNIC LINE
XB YR v THETA 3 RKO M PS1 xB Y8
FT/SEC RAC LB/SC FT SLUG/CU FT
0.2419 0.6521 C.3548E C4 0.BE£CS 0.1644E 04 C.1687€-03 1.050 a. -0.0257 0.4151
C.2312 C.6613 C.3722E C4 0.8476 D.1675t C4 0.1730€E-C3 1.1C5 C.35T4E-02 ~0.0041 0.4389
0.2222 C.6691 0.38172E Q4 Cc.8382 0.1700E 04 0.1769€-03 1.153 0.6821€E-02 0.0177 0.4618
0.2133 C. 6767 C.4027€ Ca4 0.83C0 0.1726E 04 0.1810E-03 1.202 C.1030E-01 0.0396 0.4840
0.2044 0.6844 0.4185E C4 0.48229 0.1753E 04 0.1853E-03 1.254 0.14C3E-01 0.0616 0.5053
0.1955 C.692C 0.4346E 04 0.8167 Q0.1779E C4 C.1900E-C3 1.307 C.l18C2E-C1 0.0836 0.5256
0.1867 0.6996 0.4510E 04 0.8112 0.1807E 04 0.1950E~03 1.362 C.2230E-01 0.1054 0.5447
0.1779 0.7071 0.4677E 04 0.8C64 0.1835C 04 0.2C04E-03 1.419 0.2689E-01 0.1270 0.5627
0.1692 0.7146 0.4846E 04 0.8020 0.1863E 04 0.2060E-03 1.477 C.3180E~-01 0.1482 0.5792
0.1605 C.7221 0.5018E U4 0.7579 0.1892E 04 0.2120E-03 1.537 €C.3707e~01 0.1690 0.5943
0.1518 C.7296 0.5191€ C4 0.7941 0.1921C 04 0.2183E-03 1.599 C.4272€-01 0.1892 0.6080
0.1432 C.7370 0.5365E 04 0.7904 0.1949E 04 0.2249E-03 1.662 0.4877€E-01 0.2089 0.6202
0.1346 0.7444 0.5540E 04 C.7868 0.1978E Q4 0.2319E-03 1.726 0.5525E~01 0.2213 0.6273

Lo




TABLE II.- REAL-GAS SOLUTIONS FOR AIR - CONTINUED

ALTITUCE = 100,000 FT VELOCITY = 15,CCC FT/SEC
BOCY DATA SHOCK SHAPE
xB Y8 v PHI P RHO M HT ERROR X8 Y8
FT/SEC RAC LB/SQ FT SLUG/CU FT
0. Q. 0. 0. 0.6908E Q4 0.3472E-03 0. 0.0002 -0.0755 0.
0.CC03 C.C237 0.1658E 03 0.0237 0.6903E 04 0.3470E-C3 0.034 0.C002 -0.0746 0.0474
0.C011 0.0474 0.3315E 03 0.0474 0.6889E 04 0.3464E-03 0.068 0.0002 -0.0717 0.0949
0.C025 0.0711 0.4975E 03 0.0712 0.6865E 04 0.3454E-03 0.102 0.0001 -0.0669 0.1423
0.C045 0.0949 0.6641E 03 0.0950 0.6832€ 04 0.3440E-03 0.136 0.0001 -0.0603 0.1897
0.C071 0.1186 0.8313E 03 0.1189 0.6789E 04 0.3422E-03 0.170 C.C001 -0.0516 0.2372
0.0102 Q0.1423 0.9990E 03 0.l428 0.6737E 04 0.3400E-03 0.204 0.0002 ~0.0410 0.2846
0.Cl139 0.1660 0.1167€ 04 0.1668 0.6675E 04 0.3374E-03 0.239 0.0003 -0.0283 0.3320
0.0181 0.1897 0.1336E 04 0.1909 0.6604E 04 0.3344E-03 0.273 0.0002 -0.0135 0.3795
0.C230 0.2134 0.1506E 04 0.2151 0.6523E 04 0.3311E-03 0.308 -0.0001 0.0033 0.4269
0.C285 C.2372 0.1676E 04 0.23%4 0.6434E 04 0.3274E-03 0.344 -0.0005 0.0224 0.4743
0.C346 0.2609 0.1849E C4 0.2639 0.6335E 04 0.3233E-03 0.380 -0.0005 0.0437 0.5217
0.0413 0.2846 0.2023E OC4 0.2886 0.6227E 04 0.3186E-03 0.416 -0.0001 0.0674 0.5692
0.C487 C.3083 0.2198BE C4 0.3134 0.6111E C4 0.3135€E-03 0.452 0.C0C6 0.0935 0.6166
0.C567 €.3320 0.2372E 04 0.3384 0.5986E 04 0.3081E-03 0.489 0.0009 0.1220 0.6640
0.0654 0.3557 0.2548E 04 0.3637 0.5855E 04 0.3016E-03 0.526 0.0042 0.1532 0.7115
0.0747 0.3795 0.2725E 04 0.3892 0.5714E 04 0.2958E-03 0.563 0.0035 0.1870 0.7589
0.0848 0.4032 0.2903E 04 G.4149 0.5565E 04 0.2897E-03 0.602 0.C025 0.2237 0.8063
0.0956 C.4269 0.3083E 04 0.4410 0.5407E€ 04 0.2833E-03 0.641 0.0008 0.2632 0.8538
0.1071 0.4506 0.3267€ 04 0.4674 0.5241E 04 0.2766E-03 0.681 -0.0014 0.3057 0.9012
0.1195 0.4743 0.3456E 04 0.4941 0.5065E 04 0.2699E-03 0.724 -0.6050 0.3513 0.9486
0.1326 C.4980 0.3651E 04 0.5212 0.4881lE 04 0.2618E-03 0.767 -0.C047 0.4002 0.9961
0.1466 c.5217 0.3B48E C4 0.5488 0.4691E 04 0.2532E-03 0.811 -0.0040 0.4525 1.0435
0.1616 0.5455 0.4051E 04 0.5768 0.4494E 04 0.2443E-03 0.856 -0.0030 0.5082 1.0909
0.1775 0.5692 0.4264E 04 0.6054 0.4291E 04 0.2349E-03 0.904 ~0.0013 0.5676 1.1384
0.1945 0.5929 0.4471E 04 0.6345 0.4083E 04 0.2255E-03 C.951 -0.C011 0.6307 1.1858
0.2126 C.6166 0.4685E C4 0.6643 0.3867E 04 0.2156E-03 1.001 -0.0004 0.6977 1.2332
0.2319 0.6403 0.4904E 04 0.6949 0.3646E 04 0.2054E-03 1.053 -0.0001 0.7688 1.2806
FIELD DATA SONIC LINE
Xk YB v THETA P RHO M PSI xB Y8
FT/SEC RAD LB/SG FT SLUG/CU FTY
0.2308 0.6390 0.4892E 04 0.8737 0.3658LC 04 0.2060E-03 1.050 C. -0.0202 0.3589
0.2260 0.6429 0.5065E 04 0.8675 0.3690E 04 0.2092€-03 1.090 C.2910E-02 | -0.0013 0.3842
0.2190 0.6488 0.5328E 04 0.8599 0.3742E 04 0.2146E-03 1.153 0.7556E-02 0.0184 0.4101
0.2120 C.6547 0.5599E C4 0.8534 0.3796E 04 0.2208E-03 1.219 C.1260E-01 0.0390 0.4366
0.2C5¢C 0.6606 0.5882E€ 04 0.8481 0.3853E 04 0.2276E-03 1.290 C.1809E-01 0.0603 0.4631
0.198C 0.6664 0.6175E G4 0.8437 0.3914E 04 0.2354E~03 1.365 0.2407E-01 0.0820 0.4892
0.1911 0.6722 0.6478E 04 0.8400 0.3978E 04 0.2441E-03 l1.446 C.3060E-01 0.1040 0.5142
0.1841 0.678¢C 0.6791E C4 0.8369 0.4047E 04 0.2538E-C3 1.532 C.3775E-01 C.1259 0.5378
0.1772 C.6838 0.7L17E 04 0.8343 0.4121E 04 0.2646E-03 1.627 0.4559€E-01 0.1476 0.5597
0.1704 0.6895 0.7454E 04 0.8320 0.4200E 04 0.2763E-03 1.728 0.5420€E-01 0.1687 0.5797
0.1635 0.6953 0.7802E C4 0.8301 0.4284E 04 0.2889E-03 1.835 C.6367€E-0C1 0.1891 0.59175
0.1567 G.7010 C.8157E 04 0.8283 0.4373E 04 0.3026E-0C3 1.948 C.74C7E-01 0.2086 0.6134
0.1499 C.7067 0.8519E 04 0.8266 0.4468E 04 0.3179E-03 2.069 C.8553E-01 0.2122 0.6161
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TABLE II.- REAL-GAS SOLUTIONS FOR AIR - CONTINUED

ALTITUCE = 100,000 FT

VELCCITY = 20,CCC FT/SEC

XB Yn v PRI P RE{s) M T ERRCR
FT/SEC RAC LB/SC FT SLLG/CU FT
0. c. C. C. 0.1236t 05 C.4l21€-C3 O. 0.C002
0.CC03 €.0235 0.201%E C3 0.0235 0.1235E C5 C.4119E-C3 0.Q34 C.C002
C.CCH1 C.ca7C C.4C?9E C3 0.G47C 0.1233C C5 C.all2f-C3 C.064 ¢c.CCC2
C.CC25% C.C704 C.&0406E C3 0.070C5 0.1226¢8 05 C.4C89€-C3 C.103 0.C002
0.0C44 C.09136 C.E069E C3 0.0941 0.1223E C5 C.4CB83E-C3 0.137 0.C002
0.CC65 Cetl74 0.1010k C4 0.1177 5.1215E 05 C.4061E-C3 0.172 c.Cool
c.CiocC C.l40C9 0.1214F C4 C.l41l4 0.120el C5 C.4034€-C3 c.2C7 c.ccel
0.Cl3¢ C.l644 C.1419€ C4 0.1651 0.1135C CS 0.4003£-03 0.242 c.cool
O.C1174d c.lers C.1625€E (4 C.1890 0.11483C 05 C.3967E-C3 0.277 -0.C0C0
0.C€22¢6 C.2113 0.1R32E C4 0.2129 0.11680 05 C.3926E-C3 0.312 -G.C001
CL.C279 C.2348 0.204GC C4 G.2370 c.1153E 05 C.3880F-C3 0.344 -0.€CO1
C.C335 C.2583 C.225CC C4 C.26132 0.1135€ 05 C.3829E-C3 0.384 -C.C00!L
0.Cc405 C.231¢8 G.2461E L4 0.2856 0.1116€ 05 C.3773E-C3 0.421 -0.C001
0.Car? C.3053 C.2674C 04 0.31062 0.1096C 05 C.37130-03 C.454 -0.c002
C.C5%¢ C.3287 0.2871E (4 C.3350 0.1074C 05 C.3649E-C3 C.496 -C.COC3
C.Ceal €.3522 C.31C3E Cé4 C.36C0 0.105CC 05 0.3580L-C3 0.534 -C.Cu04
V.C733 C.3757 C.33258 G4 C.3852 0.1C26E 05 C.3506E-C3 0.572 ~-0.C006
G.C832 G.3692 C.3543E C4 O.4l1C7 0.9932t 04 0.34286-C3 G.611 -0.C0CH
C.C93¢ C.4221 0.3765C C4 C.4364 0.9716E Q4 C.3346E-C3 C.651 ~C.COo1¢C
C.1C52 C.4461 C.3995LC (4 C.4625 0.9427E C4 0.3260F-C3 0.692 -C.CO13
0.1173 C.4696 C.4222E C4 0.4889 0.912¢E C4 C.3170E-C3 0.733 -0.CO1l4
0.1302 €.4931 0.4450C G4 G.5158 0.88l6E 04 €.3076F-C3 0.774 -G.COol5
C.l44C C.5166 C.4631E C4 0.5430 0.8436E C4 Ce2979E-C3 c.8l¢ -C.COl&
0.158¢ C.5401 C.4917E C4 C.n1707 0.8166EL 04 0.2877E-C3 0.860 -0.0012
C.1742 C.5636 0.5153E 04 €.5988 0.7828C Q4 G.2774E£-03 C.904 -0.C015
0.150¢ C.587C 0.5394t G4 0.6275 0.7434E 04 C.2667E-03 C.945 -0.G6016
C.2C82 C.6105 0.5636E C4 0.6568 0.7136E 04 C.2559E-03 C.995 -C.Cco18
C.2261 C.6340 0.5880F C4 0.6867 0.6784F C4 0.2449E-03 1.041 -0.C020
0.2464 C.6575 0.6124E C4 Q.7174 0.64330 04 C.2339E-03 1.088 -0.C023
FIELD CATA
xg Yo v THETA P RHO M PSI
F1/SEC RAL LR/SC FT SLLG/Cu FT

G.23C3 C.6384 €.5925E G4 0.8826 9.6718E Ca C.2429E-C3 1.05¢C c.
0.2223 C.6449 C.6453F Ca 0.8730 0.68078 G4 C.2487t-C3 1.149 C.7298E-C2
G.2163 C. 6495 C.ERGDE C4 0.8672 0.6881t 04 C.2v36C-C3 l.221 C.1342E-01
C.2103 C.6548 C.7275€ Ca 0.8624 0.6961F C4 0.2591E-C3 1.307 c.20C8E-Cl
0.72Ca3 €.6597 C.7695F 04 0.8585 0.704¢8E C4 0.2652E-C3 1.390 C.2733€E-Cl1
C.1684 C.t641 C.R122E 04 €.8553 0.7143C 04 C.2720£-C3 1.475 C.3520E-01
0.1824 C.6695 0.8554C 04 0.8527 0.7245E Q4 0.2795€-03 1.563 C.4377E-01
C.186% C.6744 0.89492E C4 0.8505 0.7357F 04 C.2878E-C3 1.654 C.53C7E-C1
. 1806 C.6793 C.G8436F C4 0.8447 0.7477€ Q4 0.2972€E-C3 1.748 C.6320E-01
C.1767 C.6841 C.9B85E 04 0.8471 0.7606L 04 C.3077E-C3 1.845 C.7421E-01
0.1688 C.689C 0.1034E 05 0.8456 0.7746C 04 C.3197C0-03 1.94¢ C.8622E-Cl
G.1¢29 C.6938 0.1080E C5 0.8443 C.7896L 04 C.3333E-C3 2.051 €.9933e-01
C.1571 €.6986 C.1126C C5 0.8429 0.8057t 04 0.3486E-03 2.160 JC.1137E—00

Lo

SHCCK SHAPL

XB YB
-0.0643 0.
-C.0633 0.0470
—C.0605 0.0939
-N.0558 0.14C9
-0.0492 0.18798
-0.0406 0.2348
~-C.0301 0.2813
~-0.0176 0.3287
-0.0030 0.3157

0.0136 0.4227
C.0324 0.4666
0.053% 0.5166
0.0767 0.5636
0.1024 0.€1C5
0.1305% 0.6575
C.1611 0.7044
C.1643 0.7514
0.23u2 0.7984
C.2689 0.5453
C.3105 0.4923
0.3551 0.9363
0.4029 Q.98¢€2
€.4539 1.07%32
C.5084 L.G8ClL
0.5663 l.l271
0.6279 1.1741
C.6932 1.2210
0.7625 1.2680
0.83b8 1.3150

SCNIC LINE

xg Y8
-0.0185% 0.3256
-0.0Cc22 0.3469

C.0149 0.37151
G.0330 0.4014
0.0520 0.4283
0.0718 0.4555
0.0923 0.4826
C.1131 0.5086
0.1341 0.5337
0.15%50 0.5572
0.1755 0.57S1
C.1957 0.5993
0.2103 0.6132



TABLE II.- REAL-GAS SOLUTIONS FOR AIR - CONTINUED

ALTITUCE = 100,000 FTY VELGCITY = 25,CCC FT/SEC

BOCY DATA SHCCK SHAPL
xB Y v PrH1 4 RHD M T ERROR XB YB
FY/SEC RAC LB/SC FT SLUG/CU FT

Q. q. 0. C. 0.1940F 0G5 C.4699E-C3 0. 0.0004 -0.0560 0.

0.CC03 0.0229 0.2320€E 03 0.0229 0.1939E 05 C.4696E-03 C.033 0.C004 -0.0551 0.0458
0.C011 C.Ca58 C.4638E C3 0.0458 0.1935€ 05 C.4688E-C3 0.0617 c.C004 —-C.0524 0.0916
0.CC24a c.0687 0.6960C C3 0.0687 0.1929E 05 0.4675E-03 0.100 0.C003 -¢.0478 0.1374
0.CC42 0.0916 0.5290E 03 0.0917 0.1920E 05 0.4657E-03 0.134 0.C003 -0.0413 0.1832
0.CC66 C.1145 0.1163E 04 0.1147 0.1908E 05 0.4633E-G3 C.l67 0.C002 -0.0329 U.2289
0.CC95 C.1374 Q0.1398E 0O4 0.1378 0. 1894E 05 Ca4€e04E-03 C.201 ¢.coc? -0.0227 0.2747
g.c129 C.l603 C.1633E Ca 0.16C9 0.1818L 05 0.4570E-C3 0.235 ¢c.cool -C.0105 0.32C5
0.CL6S c.1832 0.1870E 04 0.1842 0.185SE 0S5 C.4531E-03 0.270 -0.C000 0.0038 0.30€3
0.C214 0.206C 0.2108E C4 0.2075 0.1838€L 05 Ca4487E-C3 0.304 ~0.C001 0.0200 0.4121
0.C265 €.2289 0.2347E Ca 0.2310 0.1814F 05 Coatu37E-C3 C.336 -0.€0C3 C.0384 0.45179
g.c3zz2 c.2518 C.2583E 04 0.2546 C.1788E CH C.4382€E-03 0.374 -0.C004 0.0589 0.2037
0.C385 C.2741 0.2831E 04 0.2783 0.1759E 05 C.4372E-03 C.41C -0.C006 0.08B17 0. 9465
0.C453 C.2976 0.307%E Ca4 0.3022 0.1728E 05 0.4257E-03 C.a06 -0.C00¢ 0.1068 0.5%952
0.cs528 c.3205 0.3327€6 C4 0.3263 U.16J58 G5 C.4l88C-03 C.483 -C.Coll C.13a3 0.6410
G.C608 C.3434 0.3575C Ca €.35C5 0.1656t C5 C.41127-C3 0.520 -0.0013 U.1643 0.6960b
0.C695 C.3663 0.3823E 04 0.375C 0.1621L G5 C.4C32E-C) C.557 -C.COo1% 0.1969 0.1326
0.C789 €.3892 C.4073E C4 0.3398 C.1582E 05 C.3947E-013 0.595 -0.Ccol7 C.2321 Q. 1184
0.C8YS C.4121 0.4327¢ C4 0.4248 0.154CE 05 €.385%7t-C3 C.633 ~C.C0OLS r.2701 D.8242
C.C897 C.4350 0.4587E Ca 0.45C1 C.1496E CS C.3763E-C3 0.673 -0.0021 t.3110 J.587C0
O.1111 0.4579 Q.4853E Ca 0.4757 0.145CE 05 C.3663F-03 O.714 -0.C020 0.3550 0.90L58
0.1233 C.4808 C.5116E 04 0.5016 0.1402€ 05 0.3560£-C3 C.754 -0.C024 J.4020 0.4615
0.1362 C.5037 0.5381C C4 0.521719 0.1353C 05 C.3453E£-03 C.196 -0.C027 C.4523 1.0073
d.150C C.5266 0.5651E C4 0.5546 N.1303E C5 C.3342€E-C3 C.838 -0.0029 £.50060 1.0531
0.1646 C.5495 0.5925€ 04 0.5818 0.1251E 05 C.3227£-03 0.882 -0.0033 0.5632 1.0789
0.1801 C.5123 0.6201E Ca 0.6C95 0.1197E 05 0.3109£-03 0.926 -0.00137 C.s241 l.1447
0.196¢& C.5952 0.€482E C4 0.6376 0.1143E 05 C.2986E-03 C.971 -0.C039 0.6888 1.19C5
C.214C c.6181 0.€6768E C4 Q.6664 0.1087E CS C.2862E-C3 1.018 -0.0043 0.7574 1.2363
0.2324 G.6410 0.7060E C4 0.6958 C.1031lE 05 0.2733E-C3 1.0606 ~0.C046 0.8302 1.2821

FIELD CATA SCNIC LINE
X8 YB v THETA P QHD M PS1 XB YG
F1/SEC RAC LB/SC FT SLuL/Cuy FT

0.2261 C.6334 C.€962E (4 C.8874 0.105CEL 0% 0.277176-C3 1.05¢ C. -¢.0160 0. 30C8
0.2196 0.6387 C.7631E C4 0.8795 0.1062E 05 €.2840E-03 1.158 C.8332E-02 -0.0012 0.3251
Q.2144 C.6429 0.8178E 04 C.8748 0.1073E 05 C.2898L-03 1.247 0.1580E-Cl 0.0146 0.3510
N.2092 C.6a7l 0.8736E Co 0.8709 0.1085E 05 C.2963E-03 1.34C C.24C0E-0O1 Cc.0316 0.3785
0.204C C.6514 C.9303E C4 0.8679 0.1098E 05 0.3036E-03 1.436 €.3297€-01 0.0498 0.4074
0.1988 0.6556 0.9879E 04 0.8655 0.1113E 05 0.3118E-03 1.536 C.4281E-01 0.0692 0.4370
0.1937 C.6598 0.1046E 05 0.8636 0.1129E 05 ¢.3210€£-03 1.639 C.5357€E-01 0.0895 0.4661
0.1885 C.6640 0.1106E C5 0.8621 0.1147E 05 C.3313€-03 1.747 C.6534E-01 €.1105 0.4958
0.1834 C.6682 0.1166E 05 0.8609 0.1166E 05 Ce3429E-03 1.859 C.7824E-01 0.1317 0.523%
0.1782 0.6724 0.1228E 05 0.86C0 0,1188BE 05 0.3559E-03 1.975 C.9238E-01 0.1528 0.5495
0.1731 G.6765 0.1290E 05 0.8592 0.1212¢ 05 0.3706E-03 2.097 C.1079e-CC 0.1736 0.5736
0.1680 0.6807 0.1352E 0S5 0.8584 0.1238E 05 0.3872E-03 2.224 C.1249€-00 0.1938 0.5956
0.163C C.6848 0.1415E Q5 0.8578 0.1266E 0S €.4060E-03 2.358 0.1437E-00 0.2072 0.6054
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TABLE II.- REAL-GAS SOLUTIONS FOR AIR

ALTITUGE = 100,000 FT VELOCITY = 30,0CC FT/SEC
BOCY DATA SHOCK SHAPE
X8 ¥8 v PRI P RHO M HT ERROR X8 0
FT/SEC RAD LB/SC FT SLUG/CU FT
e e
0. 0. 0. 0. 0.2796€ 05 0.4847E-03 0. 0.0002 -0.0536 0.
0.cC03 €.0224 0.2703E 03 0.0224 0.2794E 05 0.4844E-03 0-032 0.0002 -0.0527 0.0448
0.€010 C.C44B8 0.5404E 03 0.0449 0.2789E 05 0.4837E-03 0.065 €.co02 -0.0500 0.0897
0.0C23 €.0673 0.8108E 03 0.0673 0.2780E 05 C.4824E-03 0.097 0.0002 -0.0455 0.1345
0.C040 0.0897 0.1082€ 04 0.0898 0.2767E 05 C.4806E~03 0-129 0.0001 ~0.0392 0.1794
0.C063 0.1121 0.1354E 04 0.1123 0.2751E 05 0.4784€-03 0.162 0.0000 ~0.0310 0.2242
0.0C91 0.1345 0.1628E 04 0.1349 0.2732E 05 0.4756E-03 0-195 ~0.C000 ~0.0209 0.2691
0.CL24 €. 1569 0.1902E C4 0.1576 0.2709E 05 0.4723E-03 0.228 0.0001 ~0.0090 0.3139
0.C162 0-1794 0.2178E 04 0.1803 0.2683E 05 0.4683€-03 0.261 0.0003 0.0050 0.3587
0.C206 0.2018 0.2455E C4 0.2032 0.2653E 05 0.4640E-03 0.295 0.0003 0-0209 0.4036
0.C254 0.2242 0.2732E 04 0.2261 0.2619E 05 0.4593€-03 c.328 0.€000 0.0389 0.4484
0.€309 C.2466 0.3011E C4 0.2492 0.2582E 05 0.4542E-03 Cc.362 -0.0006 0.0591 0.4933
0.0369 C.2691 0.3294E 04 0.2724 0.2542E 05 0.4486E-03 0.397 -0.0011 0.0814 0.5381
0.C434 €.2915 0.3580E 04 0.2958 0.2499E 05 0.4421E-03 0.432 -0.0008 0.1060 0.5829
0.C506 0.3139 0.3869E 04 0.3193 0.2452E 05 0.4348E-03 0.468 0.C002 0.1330 0.6278
0.C583 C.3363 0.4177E 04 0.3430 0.2402E 05 0.4255E-03 €.505 0.0045 0.1624 0.6726
0.0666 0.3587 0.4466E 04 0.3669 0.2349E 05 0.4179E-03 0.541 0.0041 0.1943 0.7175
0.0756 0.3812 0.4753E 04 0.3911 0.2293E 05 0.4099E-03 0.577 0.0033 0.2289 0.7623
0.c851 044036 0.5038E 04 0.4155 0.2234E 05 0.4016E-03 0.614 0.0021 0.2662 0.8072
0-C954 C.426C 0.5325E 04 0.4401 0.2172E 05 C.3931E-03 0.651 0.C002 0-3064 0.8520
0.1063 0.4484 0.5620E 04 0.4651 0.2108BE 05 0.3843E-03 0.69C -0.0021 0.3495 0.8968
0.118C .4708 0.5918E 04 0.4903 0.2041E 05 0.3757E-03 0.731 -0.0057 0.3957 0.9417
0.1303 0.4933 0.6226E 04 0.5159 0.1972€ 0S5 0.3650€-03 0.771 -0.€056 0.4452 0.9865
G.1435 C.5157 0.6536E 04 0.5419 0.1901€ 05 0.3540E-03 c.812 ~0.€052 0.4980 1.03164
0.1574 0.5381 0.6850E 04 0.5683 0.1828E 05 0.3426E-03 0.855 -0.0050 0.5543 1.0762
0.1721 0.5605 0.7167€ 04 0.5952 0.1754E 05 0.3309E-03 0.898 -0.0050 0-6142 1.1211
0.1877 0.5829 0.7486E 04 0.6225 0.1678E 05 0.3189E-03 0.942 ~0.0047 0.6778 1.1659
0.2042 €.6054 0.7816E 04 0.65C3 0.1601E 05 0.3063E-03 0.987 -0.€036 0.7454 1.2107
0.2217 0.6278 0.8l44E 04 0.6787 0.1522€ 05 0.2937€-03 1.034 -0.0036 0.8171 1.2556
0.2401 0.6502 0.8479E 04 0.7078 0.1443E 05 0.2807E-03 1.081 -0.0029 | 0.8930 1.30064
FIELD CATA SONIC LINE
xB YB % THETA P RHO M PSI X8 Y8
FT/SEC RAC | 1Bsse FT | SLuG/CU FT ) .
0.228¢C 0.6356 0.8260E 04 0.8861 0.1495E 05 0.2892E-03 1.050 0. -0.0150 0.2920
0.2234 0.6394 0.8886E 04 0.8803 0.1507E 05 0.2944E-03 1.136 0.7600E-02 | —-0.0006 0.3167
0.2184 0.6434 0.9561E C4 0-8755 0.1521E 05 0.3012E-03 1.233 0.1654E-01 0.0152 0.3436
0.2135 C.6475 0.1025€ 05 0.8717 0.1537E 05 0.3093€-03 1.333 0.2643E-01 0.0323 0.3725
0.2086 0.6515 0.1096E 05 0.8688 0.1556E 05 0.3183E-03 1.439 0.3734E-01 0.0510 0.4032
0.2037 0.6555 0.1168E 05 0.8665 0.1576E 05 0.3286E-03 1.550 0.4939E-01 0.0710 0.4349
0.1988 0.6595 0.1242E 05 0.8648 0.1599E 05 0.3402E-03 1.666 C.6270E-01 0.0922 0.4668
0.1939 0.6635 0.1319E 05 0.8635 0.1625€ 05 0.3533€-03 1.790 0.7741E-01 0.1141 0.4979
0.1890 0.6674 0.1397€ 05 0-8625 0.1654E 0S5 0.3681E-03 1.920 0.9369E-01 0.1363 0.5275
0.1842 0.6714 0.1476E 05 0.8618 0.16B6E 05 0.3850E-03 2.057 0.1117E~00 0.1583 0.5549
0.1793 0.6754 0.1558E 05 0.8612 0.1723E 05 0.4042E-03 2.202 0.1318€-GO 0.1799 0.58C2
0.1745 0.6793 0.1640E 05 0.8607 0.1763E 05 0.4262E~03 2.356 C.1540E-00 0.2009 0.6031
0.1697 0.6832 0.1724E 05 0-8603 0.1809E 05 0.4514E-03 | 2.518 | 0.1789€-00 | 0.2090 0.6116

Ly
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TABLE II.- REAL-GAS SOLUTIONS FOR AIR - CONTINUED
ALTITUDE = 100,000 FT VELOCITY = 35,000 FT/SEC
BOOY DATA SHOCK SHAPE
X8 Y8 v PHI P RHO M HT ERRGR X8 Y8
FT/SEC RAC LB/SQ FT SLUG/CU FT

0. C. G. 0. 0.3795E 05 0.4516E-03 0. -0.C015 -0.0574 0.

0.C004 0.0282 0.4100€ 03 0.0282 0.3791E 05 0.4512E-03 0.041 -0.0015 -0.0559 0.0564
0.C016 0.0564 0.8200€ 03 0.0564 0.3779E 05 0.4500E~03 0.083 -0.0014 -0.0517 0.1128
0.C036 0.0846 0.1231E 04 0.0847 0.3760E 05 0.4481€-03 0.125 -0.0012 ~0.0446 0.1691)
0.CC64 0.1128 0.1645E 04 0.1130 0.3734E 05 0.4454E-03 0.167 -0.0009 -C.0346 0.2255
0.Cl00 C.1409 0.2061E 04 0.1414 0.370C0E 05 0.4418E-C3 0.209 -0.0005 -0.0216 0.2819
0.0144 0.1691 0.2478E 04 0.1700 0.3658E 05 0.4375€-03 0.251 -0.0000 -0.0055 0.3383
0.C197 0.1973 0.2897€ 04 0.1986 0.3609E 05 0.4325€-03 0.294 0.0005 0.0137 0.3946
0.0258 0.2255 0.3320€ 04 0.2275 0.3552€ 05 0.426T€E-03 0.337 g.Ccol¢ 0.0363 0.4510
0.0327 C.2537 0.3746E 04 0.2565 0.3488E 0S5 0.4201€-03 0.381 0.0016 0.0623 0.5074
0.C406 0.2819 0.4176E 04 0.2858 0.3417€ 05 0.4127E-03 0.425 0.0025 0.0919 0.5638
0.C493 0.3101 0.4609E 04 0-3153 0.3339E 05 0.4045E-03 0.470 0.0035 0.1253 0.62C2
0.0590 C.3383 0.5052E Q4 0.3451 0.3255€ 05 0.3956E-03 0.516 0.0047 0.1628 0.6765
0.0696 C.3665 0.5496E 04 0.3152 0.3163E 05 0.3860E-03 0.562 0.0057 0.2044 0.7329
0.0812 0. 3946 0.5943E 04 0.4057 0.3064E 0% 0.3757E-03 0.609 0.0067 0.2506 0.7893
0.C938 0.4228 0.6398E 04 0.4366 0.2959E 05 0.364TE-03 0.657 0.007¢ 0.3014 0.8457
0.1075 0.4510 0.6865E 04 0.4679 0.2847E 05 C. 3530€E-03 0.707 0.0085 0.3573 0.9021
0.1223 C.4792 0.7352E 04 0.4998 0.2730E 05 C.3409g-C3 C.760 0.0091 D.4184 0.9584
0.1383 0.5074 0.7839E 04 0.5322 0.2606E 05 0.3275€6-C3 0.812 0.0108 0.4851 1.0148
0.1556 0.5356 0.8329E 04 0.5652 0.2478E 05 0.3137€-03 0.865 0.0127 0.5577 1.071¢
0.1741 0.5638 0.8833E G4 0.5990 0.2345E 0S5 0.2992E-03 0.920 0.0149 0.6366 1.1276
0.1941 ¢.5920 0.9348E 04 0.6335 0.2209E 0S5 0.2843€E-03 0.977 0.Cl169 0.7220 1.1839
g.2155 0.6202 0.9872E 04 0.6690 0.2069€ 05 0.2691E-03 1.035 0.0187 0.8144 1.2403
0.2387 0.6484 0.1041E 05 0.7054 0.1928E€ 05 0.2534E-03 1.096 0.0206 0.9140 1.2967

FIELC CATA SONIC LINE
X8 YB v THETA 14 RHO M PS1 X8 YB
FT/SEC RAD LB/SQ FT SLUG/CU FT

0.221¢ 0.6270 0.1000E 05 0.8937 0.2035E 05 0.2653E-03 1.050 0. -0.0176 0.29¢68
0.2140 0.6327 0.1094€E 05 0.8851 0.2061E 05 0.2746E-03 1.158 C.1269E-0C1 -0.0024 0.3221
0.2086 C.6370 0.1168E C5 0.8802 0.2083E 05 0.2833€-03 {.246 C.2341€E-01 0.0142 0.3495
0.2034 0.6413 0.1244E 05 0.8763 0.2107€E 05 0.2936E-03 1.340 0.3528E-01 0.0322 0.3790
0.1981 0.6455 0.1324E 05 0.8732 0.2135E 0% 0.3059E-03 L.442 0.4845E-01 0.0519 0.41G3
0.1928 0.6497 0.1407E 05 0.8707 0.2166E 05 0.3204E-03 1.552 C.6314E-01 0.0730 0.4426
0.1876 0.6539 0.1495€ 05 0.8688 0.2200E 05 0.3375E-03 1.674 0.7960E-01 0.0952 0.4748
0.1824 0.6582 0.1588E 05 0.8673 0.2240E 05 0.3574€-03 1.8B10 0.9814E-01 0.1179 0.5058
0.1771 0.6623 0.1687E 05 0.8661 0.2286E 05 0.3801E-03 1.966 0.1191€-00 0.1407 0.5347
0.1719 0.6665 0.1791E ©5 0.8653 0.2338E 05 0.4060E-03 2.139 C.1429E-GO 0.1630 0.5612
0.1668 0.6707 0.1900€ 05 0.8646 0.2397E 05 0.4364E-03 2.333 0.1701€-00 0.1846 0.5849
0.1616 0.6749 0.2014E 05 0.8641 0.2466E 05 0.4727E~-03 2.549 C.2013E-00 0.2025 0.6032
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TABLE II.- REAL-GAS SOLUTIONS FOR AIR - CONTINUED

ALTITUDE = 100,000 FT

VELCCITY = 40,C0C FT/SEC

SHOCK SHAPE
xB Ye v Ph I P RHO M HT ERRQOR X8 Yg
FT/SEC RAC LB/SQ FT SLUG/CU FT

n. C. 0. F_O. 0.4953E 05 ( 0.4497E-03 Q. -0.C024 -0.0536 0.

0.C004 c.0285 0.4748E C3 0.0285 0.4948E 05 Ce4453E-03 0.042 -0.C024 -0.0572 0.0571
0.CClé6 C.0571 0.9498E C3 0.0571 0.4933E 05 0.4441E-03 0.085 -0.0022 -0.0529 0.1142
0.CC37 C.0R586 0.1426E 04 0.0857 0.4908E 05 Q.4421E-03 0.127 -0.C019 —0.0457 0.1712
0.CC65 C.1142 0.1905t 04 0.11l44 0.4872E 05 0.4393E-03 0.170 ~0.C014 -0.0356 0.2283
0.0102 C.1427 0.2387E G4 0.1432 0.4827E 05 0.4357E-03 0.213 -0.0009 -0.0225 0.2854
0.Cl47 C.1712 0.2872E C4 0.1721 0.4772E 05 0.4313€E-03 0.256 -0.0002 -0.0062 0.3425
a.Cz01 0.1938 0.3362E 04 C.2311 0.4706E 05 0.4261E-03 0.300 0.0006 0.0132 0.3995
0.C264 0.2283 0.3859E 04 0.2303 0.4631E 05 0.4201€E-03 0.345 0.0016 0.0360 0.45¢66
0.C335 €.2568 0.4354L C4 0.2597 0.4546L 05 C.4132E-03 C.389 0.0028 0.0623 0.5137
C.Cale . 2854 0.4856E C4 0.2894 0.4451€ 05 C.4056E-03 0.435 0.0041 Q.0922 0.57C8
0.C0505 0.3139 0.5364E 04 G.3193 0.4346E 05 0.3972E-03 0.481 0.005¢4 0.1259 0.6278
0.C605 C. 3425 0.5894E 04 0.3495 0.4233E 05 0.38826-03 0.523 0.0069 0.1636 0.6849
0.C714 C.371C 0.6412E C4 0.38C1 0.4110E 05 ©.3782E-03 0.576 0.C085 £.2055 0.7420
0.C834 C.3995 0.€6930E C4 C.4lll 0.3979E 05 C.3676E-C3 0.624 0.0102 0.2520 0.7991
0.C965 0.4281 0.7453E 04 0.4424 0.3840E 05 0.3564E-03 0.672 0.0120 0.3031 0.8561
0.1106 C.4566 C.7989L G4 C.6743 0.3695E 05 C.3445E-03 0.722 0.0139 0.3592 0.9132
0.1259 C.4851 0.8531E C4 0.5C67 0.3543E 05 0.3322€-03 0.772 0.0159 .4206 0.97C3
0.1425 C.5137 0.9070E C4 0.5397 0.3388E 05 C.3194E-C3 €.823 0.0179 0.4876 1.0274
0.1602 C.5422 0.9616L 04 0.5733 0.322BE 05 0.3061E-03 0.874 0.0205 0.5604 l.0844
0.1793 C.5708 0.1CL7E 05 0.6077 0.3064E 05 0.2925£-03 0.927 0.0226 0.6395 L.1415
0.1998 0.5993 C.1073c C5 0.6428 0.2895¢ 05 G.2784E-03 0.981 0.C254 0.7251 1.1986
0.2217 C.6278 0.1131E 0% 0.678E8 0.2722E 05 C.2640E-C3 1.037 0.0277 0.8176 1.2557
0.2452 C.6564 0.1190€ 05 0.7158 0.2545E 0S5 0.2489E-03 1.095 0.0303 0.9175 1.3127

L.
FIELD CATA SCNIC LINE
xB Y8 v THETA P RHO v PSI X8 Yg
FT/7SEC RAL LB/SC FT SLUG/CU FT

0.227C C.6344 0.1144E CS ( 0.8911 0.2682E 05 G.2605E~-03 1.05C C. -0.0185 0.3003
0.22217 0.6379 0.1208E 05 0.8856 0.2700C 05 C.2653E-03 1.114 0.8312E-02 | -0.0033 0.3250
0.2173 0.6423 0.1291E C» 0.88C1 0.2726E 05 C.2720E-03 1.198 C.1981E-01 0.0131 0.3515
0.2115 C.6466 C.1376€ C5 0.8755 0.2754E 05 0.2796€E-03 1.288 C.3245E-01 0.0308 0.3798
0.2C65 C.6510 C.l464E C5 0.81719 0.2786E 05 0.2882E-03 1.383 C.4636E-01 0.0499 0.4064
0.2C11 C.6553 0.1555€ 05 0.8690 0.2820E 05 C.2980E-03 1.484 G.6169E-01 0.0702 0.4369
0.1958 C.6597 0.1643E CS 0.8667 0.2859t 05 0.3094£-03 1.592 C.7861E-01L 0.0914 0.47C5
0.1904 C.6640 C.1746E CH G.8649 0.2902€ 05 0.3228E-03 1.708 G.9733E-01 0.1134 0.5004
0.1851 0.6683 0.1848t 05 0.8635% 0.2950E 05 0.3386E-03 1.835 C.1181E-00 0.1358 0.5290
0.1798 0.6726 0.1953E 05 0.8623 0.3003E 05 0.3577€-03 1.975 0.1414E-00 0.1581 0.5559
0.1745 C.6769 0.2063E C5 0.8614 0.3063E 05 £.3815€-03 2.130 C.1676E-00Q 0.1801 0.58C7
0.1692 c.6812 0.2179E C5 0.8605 0.3132¢ 05 0.4117E-03 2.300 C.1973E-00 0.2015 0.6034
0.1639 C.6854 0.2301E 05 0.8597 0.3211E 0S5 0.4508E-03 2.493 0.2315E-00 0.2073 0.6093
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TABLE II.-~ REAL-GAS SOLUTIONS FOR AIR - CONTINUED

ALTITUCE = 100,000 FT VELCCITY = 45,CCC FT/SEC
BCCY DATA SHOCK SHAPE
X8 Y8 v PHI P RHO M HT ERRCR X8 Y8
FY/SEC RAC LB/SGC FT SLUG/CU FT
0. C. 0. 0. 0.6269E 05 0.44B6E-03 C. ~C.C045 -0.0586 Q.
0.C003 C.0229 0.4267E C3 0.0229 0.6265t 05 0.4483E-C3 €.035 -C.CcC4a5 -C.0576 0.0459
c.CcCll C.0459 0.8531E 03 0.0459 0.6253E 05 0.4475€E-03 0.07¢C -0.C042 -0.0549 0.0917
0.0C24 0.0688 0.1280E 04 0.0688 0.6232E 05 0.4462E-03 0.104 -0.0039 -0.0503 0.1376
0.CC42 0.0917 0.1709C C4 0.0918 0.6204E 05 C.4443FE-03 0.139 ~0.C034 -0.0438 0.1834
0.CCé66 C.1146 0.2140E C4 0.11l49 0.6167€E C5 C.4418E-C3 C.174 -0.C027 -0.0354 0.2293
0.CC95 C.1376 0.2573E 04 0.1380 0.6122E 05 0.4388E-03 0.210 -0.c018 -0.0251 0.2751
0.0129 0.1605 0.3007€ 04 0.1612 0.6069E 05 C.43%53€-03 C.24% -0.C007 -0.0129 0.3210
0.Cleé9 C.1834 0.3443E 04 0.1845 0.6008E 05 0.4312€-03 0.281 0.C003 0.0014 0.3668
0.C215 C.2C64 0.3883E C4 0.2078 0.593%E C5 C.4267E-C3 0.317 0.C01l4 0.0L78 0.4127
0.C266 C.2293 0.4327E C4 0.2313 0.5861E Q5 0.4217€-03 0.353 0.C026 0.0363 0.4586
0.C323 0.2522 0.4776E 04 0.2550 0.5776E 05 0.4160E-03 C.390 0.C044 0.0570 0.5044
0.C386 C.2751 C.5228E 04 0.2787 0.5683E 05 0.4C95E-03 0.427 c.Cuo8 0.0799 0.55C3
0.C455 C.2981 0.5680E C4 0.3027 0.5582E 05 C.4C25E-C3 C.464 €.C0985 C.1C53 0.5961
0.C529 €.3210 0.€133E Ca 0.3268 0.5474E QS 0.3952E-03 0.501 0.0119 0.1331 0.6420
0.C61C 0.3435 C.6588BE C4 0.3511 0.5359t 05 0.3856E£-03 0.538 0.0193 0.1634 0.6878
0.0698 0.3668 0.7053E 04 0.3156 0.5236f 0% C.3778E-03 C.57¢ 0.C208 0.19¢64 0.7337
0.01792 C.3898 0.7517€ C4 0.4004 0.5106E 0% Ce3637E-C3 C.615 €.Cc219 0.2322 0.77S6
0.C893 C.4127 C.7982E C4 0.4255 0.4970C 05 0.3615C-03 GC.654 0.C220 0.2709 0.8254
0.1co0cC C.4356 C.B8461lE 04 0.4508 0.4828E 05 0.3533€E-03 0.694 0.c210 0.3126 0.8713
0.1115 C.4586 0.8925E 04 0.41765 0.4680C 05 0.345BE-03 0.735 0.Cle2 0.3574 0.9171
0.1238 C.4815 0.9420C C4 0.5025 0.4526E 05 C.3352E-C3 C.176 c.C201 0.4055 0.9630
0.1368 C.5044 0.5922E C4 0.5248 0.4369E G5 0.3242E-03 0.818 C.C246 0.4571 1.0088
0.1507 0.5273 0.1044E 05 C.5556 0.4207E 0% 0.3128E-03 0.862 0.0297 0.5122 1.0547
0.1653 C.5503 0.1099E 05 0.5828 0.4040E OS5 0.3012E-03 0.9CB 0.C347 0.5711 1.10C5
0.1809 0.5732 0.1150E 05 0.6106 0.3872E 0S5 C.28B97E-03 C.951 0.C389 0.61338 l.1464
0.1973 C.5961 0.1201€ ©5 0.6388 0.3701E 05 0.27178E-C3 0.994 0.0436 0.7006 1.1923
0.2147 C.6191 0.1252E 05 0.6676 0.3530E 05 0.2661E-C3 1.038 C.C480 0.7716 1.2381
0.2331 C.642C 0.1304C 05 0.6970 wJ 0.3358E 05 0.2540E-03 1.082 0.0534 c.8471 1.2840
. Y - S e e - . - - 4r
FIELD CATA SCNIC LINE
XxB Y8 v THETA 2 RHO » PSI XB \2:!
FT/SEC RAL LE/SC FT SLLG/CuU FT
0.2195 C.6252 0.1266E 05 0.9013 0.3484t 05 C.2629E-03 l.05¢C 0. -0.0200 0.2952
0.2154 C.6285 0.1334E 05 0.8958 0.3505E 05 0.2663E-03 1.109 C.86G4E~02 | —0.0C50 0.3167
C.2C99 C.6329 0.1426E CS 0.8899 0.3536t 05 C.2726E-C3 1.192 C.2128E-01 0.0112 0. 3460
0.2C43 C.6373 0.1520E 05 0.8850 0.3571E 05 0.2807€E-03 1.280 C.3514E-01 0.0286 0.3740
0.1988 0.6416 0.1618E 05 0.8810 0.3609E 05 0.2895E-03 1.374 C.5042E-01 0.0473 0.4036
0.1933 0.6460 0.1719E ©5 0.8778 0.3652E 0S5 0.2996E~-03 1.472 C.6726E~01 0.0673 0.4340
0.1879 0.6503 0.1824E 05 0.8752 0.3700E 0S5 0.3109€E-C3 1.5717 €.8587€-Cl c.08483 0.4644
0.1824 0.6546 0.1932E C5 0.8731 0.3753E 05 0.3240€-03 1.689 C.1065E-00C 0.1098 0.4941
0.177C 0.6589 0.2044E 05 0.8714 0.3813E 05 C.3390E-03 1.809 C.1293E-CO 0.1317 0.5225
0.1715 0.6632 0.2160E 05 0.87¢C0 0.3880E 05 0.3564E-03 1.939 C.1547€E-0C 0.1533 0.5486
0.1661 0.6675 0.2280E 05 0.8688 0.3955E 05 0.3768E-C3 2.080 C.1832E-00 0.1745 0.5726
0.1607 0.6718 0.2405E 0S5 0.8678 0.4039E 05 0.4013E-03 2.235 0.2151E-00 0.1952 0.5947
0.1554 0.6760 0.2535E 05 0.8668 0.4134E 05 0.4311E-03 2.410 C.2512E-C0 0.1995 0.5991

b7




TABLE IT.- REAL-GAS SOLUTIONS FOR ATIR - CONTINUED

ALTETUDE = 150,000 FT VELCCITY = 10.0CC FT/SEC
BODY DATA SHOCK SHAPE
XB YB v PHI P RHO M HT ERRCR xB Y8
FT/SEC RAC LB/sqQ FY SLUG/CU FT
0. C. O. 0. 0.3400E 03 C. 3345E-04 0. ¢c.Cc003 -0.0898 0.
0.CCO04 C.0252 0.1235E C3 0.0252 0.3398€E 03 0.3342E~-04 0.036 0.0003 -0.0888 0.0503
0.CC13 0.0503 0.2470E 03 0.0504 0.339CE 03 0.3336E-04 0.072 0.0003 -0.0858 0.1007
0.C029 €.01755 0.3707€ 03 0.0756 0.3378E 03 0.3325E-04 0.108 0.C002 -0.0807 0.1510
0.CC51 c.1007 0.4945E C3 0.1009 0.3360€ 03 0.3310E-C4 C.145 0.C0C2 -0.0737 0.2014
0.CC8cC C.1259 0.6186E C3 0.1262 0.3337€ 03 0.3290E-04 0.181 0.0002 -0.0645 0.2517
0.0115 0.1510 0.7432€ 03 0.1516 0.3309E 03 0.3266E-04 0.218 0.0002 ~0.0533 0.3021
0.C157 0.1762 0.8684E 03 0.1771 0.3276E 03 0.3238E-04 0.254 0.€C001 ~-0.0399 0.3524
0.C205 C.2014 0.9942E Q3 0.2C28 0.3238E 03 0.3206F-04 C.291 c.Co01 -0.0244 0.4028
0.C260 C.2266 0.1121F 04 0.2286 0.3196E 03 0.3169E-04 0.329 0.0001 —-0.0068 0.4531
0.C322 0.2517 0.1248E 04 0.2545 0.3148E 03 0.3128E-04 0.367 0.0000 ¢.0131 0.5035
0.C391 C.2769 C.1376E 04 0.2806 0.3096F 03 0.3083E-04 0.4C5 0.0001 0.0353 0.5538
0.0467 C.3021 0.1505E C4 0.3C69 0.3039E 03 0.3034E~-04 0.443 ¢.coc2 0.0598 0.6042
0.C551 €.3273 0.1639E 04 0.3334 0.2978E 03 C.2981E-04 0.483 0.0004 0.0867 0.6545
0.C641 0.3524 0.1770E 04 0.3602 0.2912E 03 0.2923E-04 0.523 0.0006 0.1161 0.7049
0.C74C 0.3776 0.1900E 04 0.3872 0.2842€ 03 0.2862E-04 0.562 0.0008 0.1479 0.7552
0.Ca47 0.4028 0.2032E 04 0.4145 0.2767€E 03 C.2796E-04 C.602 0.C010 0.1824 0.8056
0.C962 C-4280 0.2167E 04 0.4422 0.2689E 03 0.2727€E-04 G.643 0.col2 0.2195 0.8559
0.1C85 0.4531 0.2306E 04 0.4702 0.2606E 03 0.2654E-04 0.686 0.0015 0.2593 0.9062
0.1217 0.4783 0.2445E 04 0.4987 0.2519E 03 0.2578E-04 0.729 0.C0le 0.3019 0.9566
0.1359 0.5GC35 0.2586E 04 0.5276 0.2429E 03 C.2497E-04 0.772 0.Cc0l8 0.3474 1.0069
0.1511 C.5286 0.2730E 04 0.5570 0.2335E 03 0.2413E~0C4 0.818 0.0020 0.3958 1.0573
0.1673 0.5538 0.2877E 04 0.5869 0.2238C 03 0.2325E-04 0.864 0.0021 0.4473 1.1076
0.1846 0.57%¢0 0.3025E 04 0.6175 0.2138E 03 0.2235E-04 0.911 0.0022 0.5019 1.1580
0.2031 0.6042 0.3179E 04 0.6487 0.2034E 03 0.2140E-04 0.960 0.C024 0.5597 1.2083
0.2229 0.6293 0.3332E 04 0.68C7 0.192%¢ 03 0.2045E-C4 1.01C 0.C024 0.6208 1.2587
0.244C 0.6545 0.3490E 04 0.7135 0.1821E 03 0.1945E-04 1.062 0.0024 0.6854 1.3090
FIELD OATA SCNIC LINE
XB Y8 v THETA P RHO M PS1 XxB YB
FT/SEC RALC LB/SE FT SLUG/CU FT

0.2391 0.6488 0.3454E 04 0.8639 0.1846E 03 0.1968E-04 1.050 C. ~0.0247 0.4020
0.2280 0.6583 0.3652E 04 0.8503 0.1881E 03 0.2022E-04 l.114 0.4257E-03| -0.0040 0.4257
0.2195 C.6656 0.3810E 04 0.8416 0.1909€ 03 0.2066E~04 l.16¢ 0.7830E-03 0.0170 0.4489
0.211¢C C.6728 0.3971E C4 0.8341 0.1937€ 03 0.2i12€E-04 1.219 C.1166E-C2 0.0382 0.4715
0.2C25 0.6801 0.413SE 04 G.8275 0.1966E Q3 Q.2161E-04 1.273 Q.1577€-02 0.0596 0.4934
0.1941 0.6873 0.4301E 04 0.8219 0.1996E 03 0.2213€E-04 1.329 G.2018E-02 0.0810 0.5145
0.1857 0.6944 0.4470E 04 0.8170 0.2026E 03 0.2267E-04 1.386 0.2491E-02 0.1025 0.5346
0.1773 0.7016 0.4641E 04 0.8126 0.2057E 03 0.2325E-04 1.445 C.2997E-02 0.1237 0.5535
0.1690 0.7087 0.4813E 04 0.8C86 0.2089E 03 0.2385€E-04 1.505 0.3539E-02 0.1447 0.5711
0.1607 0.7158 0.4986E 04 0.8050 0.2122E 03 0.2449E~-04 1.565 0.4118E~02 0.1652 0.5872
0.1525 0.72248 0.5159E 04 0.8016 0.2155E 03 0.2515E-04 1.627 0.4738E-02 0.1852 0.6020
0.1442 0.7299 0.5333E 04 0.7983 0.2188E 03 0.2584E-04 1.689 €.54C0E-C2 0.2047 0.6153
0.1360 0.7369 0.5505E 04 0.7950 0.2221E 03 0.2656E-04 1.751 C.6107E-02 0.2187 0.624%_4




TABLE II.- REAL-GAS SOLUTIONS FOR AIR - CONTINUED

ALTITUCE = 150,000 FT VELOCITY = 15,0CC FT/SEC
BOCY DATA SHOCK SHAPE
xB Y8 v PHI P RHO M HT ERRQOR X8 Ya
FT/SEC RAD LB/SC FT SLUG/CU FT

0. C. 0. C. 0.7691E 03 0.4042E-04 0. -0.0001 -0.0721 0.

0.0C03 C.0236 0.1615€ 03 0.0236 0.7685E 03 0.4040E~04 0.034 ~0.C001 -0.0712 0.0473
0.C011 C.0473 0.3229€ 03 0.0473 0.7670E 03 0.4033E~04 0.068 ~0.C001 -0.0684 0.0945
0.0025 0.0709 0.4847E C3 0.07C9 0.7¢43€ €3 0.4021E~04 0.102 ~0.0001 -0.0636 0.1418
0.C045 0.0945 0.6470E 03 0.0947 0.7606E 03 0.4005E-~04 0.137 ~0.0000 -0.0569 0.1890
0.co7c G.1181 0.8100E 03 0.1184 0.7559F 03 0.3983E~04 0.171 0.0000 -0.0483 0.2363
0.C101 C.l418 0.9736E €3 0.1423 0.7501E 03 0.3958E~04 0.206 0.C000 -0.0377 0.2836
0.C137 C.1654 0.1138E 04 0.1662 0.7432€ 03 0.3927E~04 0.240 ~0.0001 -0.0250 0.3308
0.cl8¢ 0.1890 0.1303E 04 0.1902 0.7353€ 03 0.3892€~04 G.276 ~0.0002 -0.0103 0.3781
0.C228 0.2127 0.1470E 04 0.2143 0.7264E 03 0.3852E~04 0.311 ~-0.0001 0.0066 0.4253
0.0282 0.2363 0.1638€ C4 0.2385 0.7164E 03 0.3807E~04 C.347 0.C001 0.0257 0.4726
0.C343 €.2599 0.1806E C4 0.2629 0.7054E 03 0.3757E~04 0.383 0.C004 0.0471 0.5199
0.041C 0.283¢6 0.1975E 04 0.2875 0.6935E 03 0.3703E~04 0.419 0.0006 0.0708 0.5671
0.C483 0.3072 0.2145E 04 0.3122 0.68Q05€ 03 0.3645E~04 0.455 0.0004 0.0670 0.6144
0.0563 C.3308 0.2315C C4 0.3372 0.6667E 03 C.3584E~04 0.492 -0.C001 0.1257 0.6616
0.C¢t4as8 C.3544 0.2485E 04 0.3623 0.6520E 03 0.3524C~C4 C.529 ~0.0022 0.1570 0.7089
0.0742 0.3781 0.2659E 04 0.3877 0.6%63€ 03 0.3451E~04 0.567 -0.0020 0.1911 0.7561
0.C842 0.4017 0.2836E 04 0.4134 0.6197E 03 0.3375E~04 0.606 -0.0018 0.2281 0.8034
0.C949 0.4253 0.3016E Q4 0.4393 0.6022E 03 0.3294E~04 0.646 -0.C0L6 0.2680 0.85C7
0.1C64 C.4490 0.3202E 04 0.4656 0.5837C 03 0.3208E~Cs 0.687 -0.C012 0.3109 0.8979
0.1187 0.4726 0.3397E 04 0.4922 0.5645E 03 0.3120E~04 0.730 ~0.0012 0.3571 0.9452
0.1317 0.4962 0.3583E C4 0.5192 0.5445E 03 0.3027E~04 0.771 -0.0011 0.4066 0.9924
0.1457 €.5199 0.37712E 04 0.5466 0.5237€ 03 0.2929E~04 0.814 ~-0.C008 0.4596 1.0397
0.1605 C.5435 0.3967E 04 0.5745 0.5022€ 03 0.2826E-C4 0.858 -0.C000 0.5161 1.0870
0.1763 0.5671 0.4166EC 04 0.6029 0.4796E 03 0.2721E-04 0.903 -0.0003 0.5764 1.1342
0.193C 0.590Q7 0.4370E 04 0.6319 0.4563E 03 0.2611E~-04 0.951 -0.C006 0.6406 1.1815
0.2109 0.6144 0.4583E 04 0.6615 0.4319E 03 0.2494E~04 1.000 -0.C007 0.7C88 1.2287
0.230¢C 0.6380 0.4803E 04 0.6919 0.4067E 03 0.2374E-04 1.052 -0.C013 0.7812 1.2760

FIELD CATA SGNIC LINE
xB YB v THETA p RHO M PS1 X8 Y8
FT/5CC RAC LB/SC FT SLUG/CU FT

0.2291 C.6369 0.4793E C4 0.8774 0.4079€E 03 0.2379F-C4 1.050 C. -0.0194 0.3495
0.2245 C.6407 0.4969E C4 0.8714 0.4114E 03 0.2419E-04 1.091 0.3201E-03 | -0.0012 0.3747
0.2177 0.6463 0.5236E 04 0.8642 0.4170E 03 0.2483E-04 1.155 0.8244E-03 0.0178 0.4007
0.211¢C 0.6519 0.5517€ 04 0.8581 0.4228E 03 0.2555E-04 1.223 0.1373€-02 0.0378 0.42173
0.2043 0.6574 0.5807€E QG4 0.8531 0.4290E 03 0.2635E-04 1.295 C.1971E-02 0.0587 0.4543
0.1977 0.6630 0.6108E 04 0.8490 0.4357E 03 0.2725E-04 1.371 C.2624E-02 0.0801 0.4810
0.1911 0.6685 0.6419E 04 0.8456 0.4429€ 03 0.2826E-04 1.456 0.3339€E-02 0.1020 0.5070
0.1844 C.6740 0.6743E 04 0.8427 0.4505E 03 0.2938E-04 1.547 0.4122€E-02 0.1240 0.5318
0.1779 0.6795 0.7078E 04 0.8404 0.45B8E 03 0.3063E-04 1.646 C.4983E-02 0.1458 0.5550
0.1713 0.6849 0.7426E 04 0.8384 0.4676E 03 0.3202E-04 1,753 0.5929E-02 0.1671 0.5761
0.1647 0.6903 0.7786E 04 0.8367 0.4771E 03 0.3361E-04 1.869 0.6974E-02 0.1875 0.5949
0.1582 0.6958 0.8156E 04 0.8351 0.4873E 03 0.3542E~-04 1,998 0.8130E~-02 0.2069 0.6112
0.1517 g.7012 0.8537E 04 0.8336 0.4982E 03 0.3751E-04 2.139 0.9414E-02 0.2108 0.6142

b9




TABLE II.- REAL-GAS SOLUTIONS FOR AIR - CONTINUED

50

ALTITUCE = 150,000 FT VELOCITY = 20,00C FT/SEC
BACY DATA SHOCK SHAPE
XB A{:] v PHI P RHO M HT ERROR XB YB
FT/SEC RAC LB/SC FT SLUG/CU FT
0. C. 0. 0. 0.1377€E G4 0.4970E-C4 0. 0.0002 -0.0593 0.
0.C003 0.0233 0.1921E 03 0.0233 0.1376E 04 0.4967E-04 0.034 0.0002 -0.0583 0.0465
0.C011 0.0465 0.3840E 03 0.0465 0.1373E 04 0.4959E-04 0.068 0.0002 -0.0555 0.0931
0.C024 0.0698 0.5762E 03 0.0699 0.1369E 04 0.4944E-04 0.103 0.C002 -0.0509 0.1396
0.C0043 C.0931 0.7691E C3 0.0932 0.1362€ 04 0.4924E~04 0.137 6.0001 -0.0443 0.1861
0.CCo8 0.1163 0.9628E 03 0.1166 0.1354E 04 0.4898E-04 0.172 0.C001 ~0.0358 0.2327
0.CC98 0.1396 0.1157E 04 0.1400 0.1344E 04 0.4866E-04 0.206 0.0001 -0.0254 0.2792
0.0133 0.1629 0.1352E 04 0.1636 0.1332E 04 0.4828E-04 0.241 0.C001 ~0.0130 0.3257
0.C175 C.1861 0.1543E 04 0.1872 0.1318E 04 0.4784E-04 C.276 -0.0000 0.0015 0.3722
0.0221 0.2094 0.1746E 04 0.2109 0.1303€E 04 0.4735E-04 0.312 -0.0001 0.0180 0.4188
0.C274 0.2327 0.1945E 04 0.2348 0.1286E 04 0.4680E-04 0.348 -0.0001 0.0366 0.4653
0.0333 0.2559 0.2145E 04 0.2588 0.1267E 04 0.4619E-04 0.384 -0.0002 0.0574 0.5118
d.C397 C.2792 0.2346E 04 0.2829 0.1246E 04 0.4552E-04 0.420 -0.C002 0.0805 0.5584
0.0468 0.3024 0.2549E 04 0.3073 0.1223E 04 0.4480E-04 0.457 -0.0003 0.1060 0.6049
0.C545 0.3257 0.2759E 04 0.3318 0.1199E 04 0.4403E-04 0.495 ~0.0003 0.1338 0.6514
0.0629 0.349C 0.2964E 04 0.3565 0.1174E 04 0.4319E-04 0.533 -0.C004 0.1641 0.6980
0.0719 C.3722 0.3170E 04 0.3814 0.1146E 04 0.4231E-04 0.571 -0.C005 0.1971 0.7445
0.C816 0.3955 0.3377€ 04 0.4C66 0.1117€ 04 0.4137E-04 0.609 -0.0006 0.2327 0.7910
0.C520C 0.4188 0.3589E 04 0.4321 0.1087E 04 0.4038E-04 0.649 -0.0008 0.2711 0.8375
0.1031 0.4420 0.3807E 04 0.4579 0.1056E 04 0.3935E-04 0.689 -0.0008 0.3124 0.8841
0.1150 C.4653 0.4024EF 04 0.4840 0.1022E 04 0.3826E-04 0.730 -0.C010 0.3566 0.9306
0.1276 C.4886 0.4243E 04 0.5105 0.9882E 03 0.3713E-04 0.771 -0.0012 0.4040 0.9771
0.1411 0.5118 0.4465E 04 0.5374 0.9528E 03 0.3596E-04 0.814 -0.0012 0.4547 1.0237
0.1554 C.5351 0.4692E 04 0.5647 0.9161E 03 0.3474E-04 0.857 -0.0014 0.5087 1.07C2
0.1706 C.5584 0.4919E C4 0.5925 0.8788E 03 0.3349E-04 0.901 -0.C017 0.5661 1.1167
0.1867 C.5816 0.5151E 04 0.6208 0.8404€ 03 0.3219€-04 0.946 -0.0018 0.6272 1.1633
0.2038 0.6049 0.5385E 04 0.6497 0.8016E 03 0.3088E-04 0.992 -0.0020 0.6921 1.2098
0.2219 0.6282 0.5621E 04 0.6792 0.7623E 03 0.2955E-04 1.039 -0.0022 0.7608 1.2563
0.2412 0.6514 0.5856E C4 0.7094 0.7235E 03 0.2822E-04 1.086 -0.0026 0.8335 1.3029
FIELD DATA SONIC LINE
xB Y8 v THETA P RH(Y M PSI X8 YB
FT/SEC RAC LB/SQ FT SLUG/CU FT
0.2265 0.6338 0.56T8E G4 0.8875 0.7529€ 03 0.2922€-04 1.05¢C C. -0.0175 0.3096
0.2187 0.6402 0.6266E 04 0.8780 0.7628E 03 0.2992E-04 1.165 C.8406E-03] -0,0023 0.3336
0.2131 0.6447 0.6691E 04 0.8729 0.7706E 03 0.3048E-04 1.249 0.1507E-02 0.0138 0.3590
0.2C75 0.6492 0.7122E 04 0.8687 0.7792E 03 0.3110E-0C4 1.335 0.2234E-02 0.0310 0.3856
0.2020 0.6537 0.7558E 04 0.8654 0.7887E 03 0.3180E-04 1.424 C.3027€-02 0.0493 0.4133
0.1965 0.6582 0.8000E 04 0.8627 0.7991E 03 0.3258E-04 1.515 €.3890E-02 0.0686 0.4416
0.1910 0.66217 0.8446E 04 0.8605 0.8104E 03 0.3345E-04 1.609 0.4829E-02 0.0886 0.4698
0.1855 0.6672 0.8898E 04 0.8587 0.8229E 03 0.3443E-04 1.706 0.5852€E-02 0.1091 0.4973
0.1800 G.6716 0.9354E 04 0-8573 0.8364E 03 0.3552E-04 1.806 C.6965E-02 0.1299 0.5237
0.1746 C.6761 0.9814E 04 0.8560 0.8511¢€ 03 0.3674E-04 1.909 0.8178E-02 0.1506 0.5485
0.1692 0.6805 0.1028E 05 0.8550 0.8671E 03 0.3811E-04 2.016 0.9499E-02 0.1710 0.5716
0.1637 0.6849 0.1075E 05 0.8540 0.8843E 03 0.3964E-04 2.126 0.1094E-01 0.1910 0.5928
0.1583 0.6893 0.1122E 05 0.8530 0.9029E 03 0.4136E~-04 2.240Q 0.1251€E-01 0.2068 J 0.6089%
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TABLE II.~ REAL-GAS SOLUTIONS FOR AIR - CONTINUED

ALTITUBE = 150,000 FT VELOCITY = 25,00C FT/SEC
BODY DATA SHOCK SHAPE
xB Y8 v PHI P RHO M HT ERROR XB Y8
FT/SEC RAC LB/SC FT SLUG/CU FT

Q. C. 0. 0. 0.2161E 04 0.5734E-04 O. 0.C001 -0.0511 0.

0.C003 0.0227 0.219T7E 03 0.0227 0.215%E 04 0.5731LE-04 0.033 0.0001 ~0.0501 0.0453
0.co10 0.0453 0.4392F 03 0.0453 0.2155E 04 0.5721E-04 0.067 0.0001 ~-0.0474 0.0906
0.CC23 0.0680 0.6590€E 03 0.0680 0.2148E 04 0.5705E-04 0.100 0.C001 -0.0429 0.1360
0.0041 C.C906 0.8796E 03 0.0908 0.2139E 04 0.5683E-04 0.134 C.Co0L -0.0365 0.1813
0.CC64 Q.1133 0-.1101€ 04 0.1135 0.2126E 04 G.5654E-04 0.167 d.0001 -0.0282 0.2266
0.CC93 0.1360 0.1324E 04 0.1364 0.2111E 04 0.5619E-04 0.201 0.0001L -0.0180 0.2719
0.Ct26 0.1586 0.1547E 04 0.1593 0.2093E 04 0.557TE-04 0.235 0.0000 -0.0059 0.3172
0.0165 0.1813 0.1771E 04 0.1823 0.2072E 04 C.5529E-04 0.270 ~0.C000 0.0081 0.3626
0.c210 C.2039 0.1997E 04 0.2054 0.2049E 04 0.5475E-04 0.304 -0.0001 0.0243 0.4079
0.026C 0.2266 0.2224E 04 0.2286 0.2023E 04 0.5415E-04 0.339 -0.0001 0.0425 0.4532
0.0315 0.2493 0.2453E 04 0.2519 0.1994E 04 0.5347E-04 0.374 -0.0001 0.0628 0.4985
0.C377 €.2719 0.2683€E 04 0.2754 0.1963E 04 C.5274€E-04 0.410 -0.c001 0.0854 0.5438
0.C444 C.2946 0.2915€ 04 0.2990 0.1929E 04 0.5194E-04 0.446 -0.0002 0.1103 0.5892
0.0517 0.3172 0.3152E 04 0.3228 0.1892E 04 0.5109E-04 0.483 -0.0003 0.1376 0.6345
0.0596 0.3399 0.3388E 04 0.3468 0.1853E 04 0.5017E-04 0.520 -0.C004 0.1674 0.6798
0.0681 0.3626 0.3623E 04 0.3710 0.1811E Q4 0.4920E-04 0.557 -0.C0C5 0.1997 0.7251
0.0772 0.3852 0.3861E C4 0.3955 0.1768E 04 0.4816E-04 0.594 -0.0007 0.2347 0.7704
0.0871 0.4079 0.4102E 04 0.4202 0.1722E 04 0.4708E-04 0.632 -0.0010 0.21725 0.8158
0.0975 0.4305 0.4349E 04 0.4451 0.1673E 04 0.4593E-C4 0.672 ~0.0012 0.3131 0.8611
0.1087 C.4532 0.4601E C4 0.4704 0.1623E 04 0.44T73E-04 0.712 -0.C012 C.3568 0.9064
0.1206 0.4759 0.4851E 04 0.4960 0.1571E 04 0.4347E-04 0.753 -0.0014 0.4035 0.9517
0.1333 0.4985 0.5102E 04 0.5220 0.1517€ 04 0.4218E-04 0.793 -0.0016 0.4536 0.9970
0.1467 0.5212 0.5358E 04 0.5483 0.1462E 04 0.4082E-04 0.835 -0.0016 0.5070 1.0424
0.1610 0.5438 0.5617E 04 0.5751 0.1405E 04 0.3943€E-04 0.878 -0.co18 0.5639 1.0877
0.1761 0.5665 0.5879E 04 0.6024 0.1346E 04 0.3800E-04 0.922 -0.0022 0.6245 1.1330
g.1921 0.5892 0.6145E 04 0.6301 0.1286E 04 0.3651E-04 0.966 -0.0020 0.6889 1.1783
0.2C91 0.6118 0.6416E 04 0.6584 0.1225E 04 0.3501E-04 1.012 -0.0024 0.7572 1.2236
0.2270 C.6345 0.6692E G4 0.6873 0.1163E 04 0.3345E-04 1.060 -0.C026 0.8296 1.2690

FIELD CATA SCNIC LINE
XxB YB v THETA P RHO M PSI X8 Ya
FT/SEC RAD LB/SQ FT SLUG/CU FY

0.2233 0.6299 0.6636E 04 0.8924 0.1176E 04 0.3377€-04 1.050 C. —=0.0151 0.2836
0.2170 C.6350 0.7377E C4 0.8849 0.1189E 04 0.34535E-04 1.175 C.9530€E-03 -0.0015 0.3075
0.2123 c.6388 0.7348E 04 0.8807 0.1200E 04 0.3524E-04 1.272 C.1765E-02 0.0132 0.3334
0.2075 0.6427 0.8530E 04 0.8774 0.1213E 04 0.3601lE-04 1.373 0.2659E-02 0.0293 0.3614
0.2028 0.6465 0.9120€ 04 0.8748 0.1227€ 04 0.36B7E-04 1.477 C.3642E-02 0.0468 0.3911
0.1981 0.6503 0.9719E 04 0.8729 0.1243E 04 0.3785E-04 1.585 C.4722E-02 0.0656 0.4219
0.1933 0.6541 0.1033E 05 0.8714 0.1260E 04 0.3895E-04 1.697 C.5906E-02 0.0856 0.4532
0.1886 0.6579 0.1095E 05 0.8702 0.1280E 04 0.4019E-04 1.812 0.7206E-02 0.1064 0.4839
0.1839 0.6617 0.1157€ 05 0.8693 0.1302E 04 0.4158E-04 1.933 0.8632E-02 0.1275 0.5133
0.1793 0.6655 0.1221E 05 0.8686 0.1326E 04 0.4314E-04 2.059%9 0.1020€E-01 0.1487 0.5410
0.1746 0.6692 0.1285E 05 0.8681 0.1353E 04 0.4492€E-04 2.190 0.1192E-01 0.1695 0.5665
0.1699 0.6730 0.1350E 05 0.8676 0.1382€ 04 0.4693E-04 2.327 0.138lE-01 0.1899 0.5899
0.1653 0.6767 0.1415E 05 0.8671 0.1415E 04 0.4921E-04 2.4170 0.1589E-01 0.2045 0.6058

51




TABLE ITI.- REAL-GAS SOLUTIONS FOR AIR - CONTINUED

ALTITUDE = 150,000 FT VELCCITY =
BCCY DATA
XB Y8 v PH1 P RHO

FT/SEC RAC LB/SC FT SLUG/CU FT

0. C. Q. 0. 0.3112E 04 0.5818E-04
0.C002 C.0221 0.257CE C3 0.0221 0.3110E 04 0.5815E-04
0.C0lC 0.0442 0.5137€ 03 0.0442 0.3104E 04 0.5806E-04
0.C022 0.0662 0.7705E 03 0.0663 0.3095E 04 0.5791E-04
0.0039 c.0883 0.1028E 04 0.0884 0.3081E 04 0.5771E-C4
0.CC61 C.1104 0.1286E Ca 0.11C6 0.3064E 04 0.5745E-04
0.CC88 0.1325 0.1545E 04 0.1329 0.3043E 04 0.5712E-C4
0.012C 0.1546 0.1806E 04 0.1552 0.3018E 04 0.5672E-04
0.0157 0.1766 0.2069E C4 0.1776 0.2989E 04 C.5627E-04
0.0195 c.1987 0.2334E G4 0.2CCoO 0.2956E 04 0.5577E-C4
0.0246 0.2208 0.2600E 04 0.2226 0.292CE 04 0.5523E-04
0.C299 C.2429 0.2869E 04 0.2453 0.2B79E 04 0.5463E-04
0.C357 0.2650 0.3140E 04 0.2681 0.2835E 04 0.5392E-04
0.Ca42C c.2870 0.3412E C4 0.2911 0.2788E 04 0.5312E-04
0.0489 0.3091 0.3683E 04 0.3143 0.2737€E 04 0.5228E-04
0.C564 C.3312 0.3954E 04 0.3376 0.2683E 04 0.5144E-04
0.C€45 C.3533 0.4223E 04 0.3611 0.2625E 04 C.5057€E-0C4
0.07132 0.3754 0.4501E C4 0.3848 0.2564E 04 0.4961E-04
0.0825 0.3974 0.4778E 04 0.4088 0.2500€ 04 0.4863E-04
0.C924 0.4195 €.5059E 04 0.4330 0.2433E 04 0.4761E-C4
0.103C C.4416 0.5349E C4 0.4575 0.2363E 04 0.4655E~04
0.1143 C.4637 0.5649E C4 0.4823 0.2291E 04 C.4554E~04
0.1262 0.4858 0.5937E 04 0.5074 0.2216E 04 0.4429E-04
0.1383 0.5078 0.6228E 04 0.5329 0.2139E 04 0.4297E-04
0.1523 C.5299 0.6524E 04 0.5587 0.2060E 04 0.4156E-04
0.1665 C.5520 0.6835E Q4 0.5850 0.1979E 04 0.4Q000E-04
0.1815 0.5741 0.7133E 04 0.6117 0.1897E 04 0.3863E-04
0.1974 0.5962 0.7436E 04 0.6389 0.1813E 04 0.3721E~-0C4
0.2142 0.6182 0.7741E Ca4 0.6666 0.1729E 04 0.3577E-0Q4
0.2318 0.6403 0.8049E 04 0.6949 0.1643E 04 0.3428E-04

FIELD DATA
XB YB v THETA P RHO

FT/SEC RAC LB/SC FT SLUG/CU FT

0.2281 0.6357 0.7984E C4 0.8876 0.1661E G4 0. 3460E-C4
0.2239 C.6391 0.8594E C4 0.8824 0.1673€E 04 0.3540E-04
0.2194 0.6428 0.9290E 04 0.8781 0.1688E 04 0.3634E-04
0.2148 0.6464 C.1001E 05 0.8747 0.1705E 04 0.3736E-04
0.2103 0.6501 0.1076E 05 0.8721 0.1724E 04 0.3846E-04
0.2C58 C.6538 0.1152E 05 0.8702 0.1746E 04 0.3971E-04
0.2013 0.6574 0.1230E 05 0.8688 0.1772E 04 0.4111€E-04
0.1969 0.6611 0.1309E 05 0.86178 0.1800E 04 0.4272E-04
0.1924 0.6647 0.1391€E 05 0.8671 0.1832E 04 0.4455E-04
0.1879 0.6683 0.1474E 05 0.8667 0.1869E 04 0.4666E-04
0.1835 0.6720 0.1559E 05 0.8664 0.1911E 04 0.4909E-04
0.179C 0.6756 0.1646E 05 0.8663 0.1957€ 04 0.5190E-04
0.1746 0.6792 0.1733E 05 0.8662 0.2010E 04 0.5514E-04

1.050
1.141
1.246
1.358
1.475
1.598
1.727
1.864
2.010
2.164
2.325
2.496
2.676

30,000 FT/SEC

SHOCK SHAPE
HT ERROR XxB Y8
-C.C002 -0.0494 0.
-0.0002 -0.0485 0.0442
-0.0002 -0.0458 0.0883
-0.0002 -0.0414 0.1325
-0.C€002 -0.0352 0.1766
-0.0002 ~0.0271 0.2208
-0.0001 -0.0172 0.2650
0.C001 ~0.0054 0.3091
0.C003 0.0083 0.3533
0.GC002 0.0240 0.3974
-0.C001 0.0417 0.4416
-0.C003 0.0615 0.4858
0.C001 0.0834 0.5299
0.0010 0.1076 0.5741
0.0018 0.1341 0.6182
0.0016 Q.1630 0.6624
0.COol0Q 0.1944 0.7066
0.C009 0.2283 0.7507
0.0005 0.2649 0.7949
-0.0004 0.3043 0.8390
-0.C013 0.3466 0.8832
—-0.0040 0.3919 0.9274
~0.0041 0.4404 0.9715
~0.0036 0.4921 1.0157
-0.0020 0.5472 1.0598
0.0023 0.6058 1.1040
0.0014 0.6681 1.1482
0.0010 0.7341 1.1923
0.C003 0.8042 1.2365
~0.0002 J 0.8783 1.2806 |
SONIC LINE
PSI XxB Y8
C. -0.0141 0.2775
0.8119E-03 -0.0005 0.3021
C.1797€E-02 0.0145S 0.3293
0.2895E-02 0.0310 0.3589
C.4113E-02 0.0493 0.3908
C.5464E-02 0.0692 0.4242
0.6962E-02 0.0905 0.4581
0.8624E-02 0.1128 0.4912
C.1047E-01 0.1354 0.5229
C.1252E-01 0.1580 0.5523
0.1481E-01 0.1800 0.57S0
C.1737E-01 0.2012 0.6031
C.2023E-01 0.2087 0.6112
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TABLE II.- REAL-GAS SOLUTIONS FOR AIR - CONTINUED

ALTITUCE = 150,000 FT VELOCITY = 35,0CC FT/SEC
BOCY DATA SHOCK SHAPE
XxB Ya v PHI P RHO M HT ERRCR x8 Y8
FT/SEC RAD LB/SQ FT SLUG/CU FT
0. 0. 0. 0. 0.4224% 04 0.5403E-04 0. -0.0005 -0.0535 0.
0.C004 0.0281 0.3935E 03 0.0281 0.4220E 04 0.5398E-04 0.041 -0.C005 -0.0521 0.0562
0.0016 C.0562 0.7871E 03 0.0562 0.4207E 04 0.538B5E~04 0.082 -0.0005 -0.0478 0.1123
0.c03s 0.0842 0.1182E 04 0.0843 0.4186E Q4 0.5362€E-04 0.123 -0.0004 -0.0408 0.1685
0.0C63 0.1123 0.1579E 04 0.1126 0.4157E Q4 0.5330E-04 C.l65 -0.0003 -0.0308 0.2246
0.0099 C.1404 0.1979€ 04 0.1409 0.4119E 04 0.5288E-04 0.207 -0.0001 -0.0178 0.28C8
0.0142 0.1685 0.2381lE 04 0.1693 0.4073E 04 0.5238E-04 0.249 0.0001 ~0.0018 0.3370
0.0194 0.1966 0.278B7E 04 0.1978 0.4018E 04 0.5178E-04 0.291 0.0003 0.0175 0.3931
0.0255 0.2246 0.3195E 04 0.2265 0.3955E 04 0.5109E-04 0.334 0.0004 0.0400 0.4493
0.0324 C.2527 0.3608E C4 0.2555 0.3884E 04 0.5032E-04 0.378 0.€005 0.0661 0.5054
0.0401 C.2808 0.4027€ 04 0.28456 0.3804E 04 0.4945€-04 0.423 0.0007 0.0958 0.5616
0.0488 0.3089 0.4450E 04 0.3140 0.3716E Q4 0. 4848E-04 0.468 0.0010 0.1294 0.6177
0.C584 0.3370 0.48B9E 04 0.3437 0.3622E 04 0.4745E-04 0.515 0.0011 0.1670 0.6739
0.0690 0.3650 0.5315E 04 0.3737 0.3519€ 04 0.4630E-04 0.561 0.CO015 0.2090 0.7301
0.0806 0.3931 0.5741E 04 0.4040 0.3410E 04 0.4507E-04 0.607 0.0021 0.2555 0.7862
0.0931 0.4212 0.6170E 04 0.4348 0.3295E 04 0.4376E-04 0.654 0.0028 0.3068 0.8424
0.1068 0.4493 0.6605E 04 0.4660 0.3173E 04 0.4238E-04 0.701 0.0034 0.3633 0.8985
0.1215 0.4774 0.7062E 04 0.4977 0.3045E Q4 0.4090E-04 0.752 0.C045 0.4252 0.9547
0.1373 0.5054 0.7523E 04 0.53C0 0.2909E 04 0.3935E-04 0.803 0.0047 0.4929 1.01C9
0.1544 0.5335 0.7993E 04 0.5628 0.2767E 04 0.3774E-04 0.85¢6 0.0047 0.5666 1.0670
0.1727 0.5616 0.84B2E 04 0.5964 0.2618E 04 0.3603E-04 0.913 0.0047 0.6468 1.1232
0.1924 0.5897 0.8984E 04 0.6307 0.2465E 04 0.3425E-04 0.971 0G.C048 0.7337 1.1793
0.2136 0.61177 0.9494E 04 0.6659 0.2307€ 04 0.3242E-04 1.031 0.0047 0.8278 1.2355
0.2365 0.6458 0.1001E 05 0.7021 0.2148E 04 0.3054E-04 1.093 0.0046 0.9295 1.2917
FIELND DATA SONIC LINE
xB YB v THETA P RHO M PSI X8 e
FI/SEC RAC L8/SC FT SLUG/CU FT
0.2207 0.6266 0.9657E 04 0.8949 0.2257€ 04 0.3183E-04 1.05¢C C. -0.0156 0.2892
0.2138 0.6322 0.1069E 05 0.8867 0.22B6E 04 0.3293E-04 1.173 0.1456E-02 -0.0012 0.3140
0.2088 0.6361 0.1147E C5 0.8823 0.2310t 04 0.3387€E-04 1.267 C.2631E-02 0.0146 0.3411
0.2039 C.6400 0.1227€E 05 0.8789 0.2336E 04 0.3496E-04 1.367 0.3932E-02 0.0318 0.3704
0.199¢C 0.6440 0.1310€ 05 0.8763 0.2366E 04 0.3625E-04 1.473 0.5375€-02 0.0508 0.4018
0.1941 0.6479 0.1397E 05 0.8743 0.2400E 04 0.3779E-04 1.589 0.6982E-02 0.0713 0.4345
0.1893 0.6518 0.1487E 05 0.8728 0.2438E 04 0.3965E~-04 1.717 0.8778E-02 0.0932 0.4615
0.1844 0.6557 0.1583E 05 0.8716 0.2482E 04 0.4193€E-04 1.860 0.1080E-01 0.1159 0.4997
0.1796 0.6596 0.1683€ 05 0.8708 0.2532E 04 0.447BE-04 2.024 0.1309€E-01 0.1387 0.5300
0.1747 0.6635 0.1789E 05 0.8702 0.2591E 04 0.4832E-04 2.213 C.1571E-01 0.1613 0.5578
0.1699 0.6673 0.1903€E 05 0.8698 0.2660E 04 0.5260E-04 2.432 C.1874€E-01 0.1830 0.5826
0.1651 0.6712 0.2023€ 05 0.8695 0.2741E 04 0.5754E-04 2.680 0.2227g-01 0.2027 0.6035
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TABLE IT.- REAL-GAS SOLUTIONS FOR AIR - CONTINUED

ALTITUDE = 150,000 FY

VELQCITY = 40,000 FT/SEC

BODY DATA SHOCK SHAPE
XxB Y8 v PHI P RHO M HT ERROR X8 Y8
FT/SEC RAC LB/SC FT SLUG/CU FT
0. C. 0. 0. 0.5518E 04 0.5470E-C4 C. -0.0005 -0.0531 O.
0.C004 0.0282 0.4489E 03 0.0282 0.5513E 04 0.5466E-04 0.041 -0.C0CS -0.0517 0.0564
0.0Cle C.C564 0.8978BE C3 0.0565 0.5496E 04 0.5452€~-04 €.083 -G.CQ0s5 ~C.0474 Q.1129
0.CC36 C.0847 0.1348E 04 0.0848 0.5469E 04 0.542BE-04 0.124 -0.0004 ~0.0403 0.1693
0.CCo64 0.1129 0.1801E 04 0.1131 0.543CE 04 C.5395E-04 0.166 -0.0003 -0.0303 0.2257
0.0100 0.1411 0.2256E 04 0.14l6 0.5380E 04 0.5353E-04 0.208 ~0.C001 -0.0173 0.2822
0.0144 C.1693 0.2714E G4 0.1701 0.5319E 04 0.5301lE-C4 0.251 0.C001 -0.0012 0.3386
0.C197 0.1975 0.3176E 04 0.1588 0.5248E 04 0.5240E-04 0.294 0.0003 0.0180 0.3950
0.0258 0.2257 0.3641E 04 0.2277 0.5165E 04 0.516%E-04 0.337 0.0005 0.0405 0.4515
0.C328 0.2540 0.4l11E 04 0.2568 0.5072E 04 0.5089E-04 0.381 0.C007 0.0664 0.5079
0.C406 0.2822 0.4586E 04 0.2861 0.4967E 04 0.4999E-04 0.426 0.C009 0.0959 0.5643
0.C494 C.3104 0.5066E G4 0.3156 0.4853E 04 0. 4900E-04 0.471 0.0012 0.1292 0.6208
0.0591 0.3386 0.5570F 04 0.3455 0.4729E 04 0.4793E-04 0.519 0.0015 0.1665 0.6772
0.C698 0.3668 0.6056E 04 0.3756 0.4593E 04 0.4675E-04 0.565 0.0019 0.2079 0.7336
C.0815 C.395¢C 0.€6543E 04 0.4062 0.4449E 04 C.4549E~04 0.612 0.C023 0.2537 0.79C1
0.C943 C.4233 0.7035€E 04 0.4372 0.4297E 04 0.4415E-04 0.660 0.0028 0.3041 0.8465
0.1C81 C.4515 0.7538E 04 0.4686 0.4138E 04 0.4273E-04 Q.709 0.0035 0.3595 0.9030
0.123C 0.4797 0.8049E 04 0.5005 0.3970E 04 0.4125€E-04 0.759 0.0038 0.4200 0.9594
0.1391 C.5079 0.8556E C4 0.5330 0.3799E 04 0.3973E-04 C.809 0.C041 0.4860 1.0158
0.1564 C.5361 0.9064E 04 0.5662 0.3624E 04 C.38l4E-04 0.860 0.0048 0.5577 1.0723
0.175¢C 0.5643 0.9576E 04 0.6000 0.3445E 04 C.3653E~-04 0.912 0.0050 0.6356 1.1287
0.16458 C.5926 C.1009E 05 0.6345 0.3265E O4 C.3489E-04 0.964 0.0054 0.7198 1.1851
0.2162 0.6208 0.1060€ 05 0.6699 0.3082€ 04 0.3321E~-04 1.018 0.C057 0.8109 1.2416
0.2390 G.6490 0.1113E 05 0.7C61 0.2895E 04 C.3147€~-04 1.073 0.0063 0.9091 1.2980
FIELD CATA SONIC LINE
X8 Y8 v THETA P RHO M PSI xB Y8
FT/SEC RAD LB/SC FT SLUG/CU FT
0.2294 C.6374 0.1091E 05 0.8901 0.2972E Q4 0.3219E-04 1.050 c. -0.0157 .2883
0.2244 0.6414 G.1181E 05 0.8838 0.2996E 04 0.3286E-04 l.l44 0.1198E-02 -0.0016 0.3127
0.2195 0.6454 0.1271€ 05 0.8791 0.3022€ 04 0.3359E-04 1.239 0.2490E-02 0.0138 0.3390
0.2147 C.6493 0.1363E C5 0.8753 0.3052E 04 0.3442E-04 1.338 C.3916E-02 0.0306 0.3675
0.2098 C.6532 0.1457E 05 0.8722 0.3085E 04 0.3537€-04 l.442 C.5487E-02 0.0488 0.3976
0.205¢ 0.6572 Q. 1553 0S5 0.8698 0.3122€ Q4 Q. 3646E-04 1.552 0.7219E-02 0.0684 0.4289
0.2002 0.6611 0.1653E 0S5 0.8679 0.3164E 04 0.3773E-04 1.668 C.9131€E-02 0.0892 0.46C5
0.1953 C.665C 0.1754E 05 0.8663 0.3211E 04 0.3920E-04 1.791 C.1124E-01 0.1108 0.4916
0.1905 €.6689 C.1859E 0% 0.8651 0.3263E 04 0.4095€E-04 1.924 0.1359€E-01 0.1328 0.5214
0.1857 C.6728 0.1967E 05 0.8642 0.3322E 04 0.4309E-04 2.064 0.1620E-01 0.1551 0.5497
0.1810 0.6766 0.2079¢ 05 0.8634 0.3390E 04 0-4575E~C4 2.216 0.1912€E-01 0.1772 0.5761
0.1762 0.6805 0.2195€ 05 0.8626 0.34678 04 0.4908E-04 2.385 C.2242E-01 0.1989 0.60C6
0.1715% 0.6843 0.2316E 05 0.8620 0.3556E 04 0.5336E-04 2.575 C.2620E-01 0.2091 0.6115
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TABLE II.-~ REAL-GAS SOLUTIONS FOR AIR - CONTINUED

ALTITUDE = 150,000 FT VELOCITY = 45,0CC FT/SEC
BODY DATA SHOCK SHAPE
xB Ye v PHI P RHO M HT ERROR xB Y8
FT/SEC RAD LB/5¢C FT SLUG/CU FT

0. 0. 0. 0. 0.6987€ 04 C.5566E-04 0. -0.0023 -0.0523 0.

0.0C03 0.0226 0.4002€ 03 0.0226 0.6983E 04 0.5563E-04 0.034 -0.C022 -0.0514 0.0451
¢.0010 0.0451 0.800LE C3 0.0452 0.6969E 04 0.5554E~-04 0.068 -0.C021 -0.0487 0.0903
0.C023 C.0677 0.1201E Q4 0.0678 0.6947E 04 0.5538E-04 0.101 -0.0019 -0.0441 0.1354
0.0041 0.0903 0.1603E 04 0.0904 0.6916E 04 0.5515E-04 0.135 -0.0016 -0.0378 0.1806
0.CCo4 0.1126 0.2006E 04 0.1131 0.6876E 04 0.5487E-04 0.17C -0.0012 -0.0295 0.2257
0.C092 0.1354 0.2412E 04 0.1359 0.6827E 04 0.5452E-04 0.204 ~0.C008 -0.0194 0.217C9
0.Cl126 C.1580 0.2819E C4 0.1587 0.6769E 04 0.5411E-C4 0.238 -0.C003 -0.0073 0.3160
0.ClL64 0.1806 0.3229E 04 0.1816 0.6702E 04 0.5363E-04 0.273 0.0003 0.0068 0.3612
0.C208 €.2032 0.3642E 04 0.2046 0.6626E 04 0.5308E-04 0.308 0.0011 0.0229 0.4063
0.C258 0.22517 0.4057E Ca 0.2277 0.6542E 04 0.5247E-04 G.344 0.C022 C.0411 0.4515
0.C313 C.2483 0.4473€ 04 0.25cC9 0.6449E 04 0.5178E-C4 0.379 0.0034 0.0615 0.4966
0.C374 0.2709 0.4891E 04 0.2743 0.6347€ 04 G.5106E-04 0.415 0.0042 0.0841 0.5418
0.C441 0.2934 0.5314E 04 0.2978 0.6237€ 04 0.5031E-04 0.451 0.0045 0.109t 0.5869
0.0513 C.316C 0.5T44E Q4 0.3216 0.6119E 04 0.4951£-04 c.488 0.C044 C.1365 0.6320
0.C591 C.3386 0.6184E 04 0.3454 0.5993E 04 0.4907E-04 0.528 -0.0047 0.1665 0.6712
0.0676 0.3612 0.6620E 04 0.3696 0.5859E 04 0.4801E-04 0.565 -0.0019% 0.1990 0.7223
0.C767 0.3837 0.7062E 04 0.3939 0.5717E 04 0.4689E-04 0.603 0.0017 0.2343 0.7675
0.0865 0.4063 0.7515E 04 0.4185 0.5569E 04 0.4566E-04 0.642 0.C066 0.2725 0.8126
0.C969 0.4289 0.7980E C4 0.4434 0.5413E 04 0.4430E-C4 C.681 0.C137 0.3136 0.8578
0.1080 0.4515 0.8506E 04 0.4685 0.5251E 04 0.4277E-04 0.72% 0.0251 0.3579 0.9029
0.1198 0.4740 0.8959E 04 0.4940 0.50B82E 04 0.4155E-04 0.764 0.0267 0.405¢4 0.9481
0.1324 C.4966 C.9408E 04 0.5199 0.4909E 04 0.4029E-04 0.804 0.0284 0.4563 0.9932
C.1457 C.5192 0.9847F 04 0.5461 0.4730E 04 0.3894E-04 0.843 0.C312 0.5107 1.0384
0.1599 0.5418 0.1029E 05 0.5727 0.4547E 04 0.3740E-04 0.880 0.0387 0.5688 1.0835
0.1748 0.5643 0.1076E 05 0.5998 0.4361E O4 0.3606E-04 0.923 0.0401 0.6308 1.1286
G.1906 0.5869 0.1125€ 05 0.6274 0.4172E 04 0.3469E-04 0.966 0.0417 0.6968 1.1738
0.2074 0.6095 0.1173E €5 0.6555 0.3982E 04 0.3329E-04 1.010 0.0436 0.7670 1.2189
0.225¢0 C.6320 0.1221E 05 0.6842 0.3791E 04 0.3191E-04 1.054 0.0448 0.8415 1.2641

FIELD CATA SONIC LINE
xB Y8 v THETA [ RHO M PSI X8 A{:]
FT/SEC RAC LB/SQ FT SLUG/CU FT

0.2233 0.6299 0.1217€ C5 0.8962 0.3809E 04 0.3204E-C4 1.050 0. ~0.0165 0.2821
0.21386 0.6337 0.1306E 05 0.8902 0.3837E 04 0.3308E-04 1.138 0.1235%E-02 -0.0027 0.3063
0.2137 0.6376 0.1405¢€ 05 0.8853 0.3870E 04 0.3400E-04 1.233 0.2652E-02 0.0l24 0.3327
0.2089 0.6415 0.1508E CS 0.8815 0.3908E 04 0.3487E-04 1.332 0.4220E-02 0.0289 0.3612
0.2040 0.6454 0.1613E ©5 0.8784 0.3950E 04 0.3593E-04 1.435 0.5951E~-02 0.0469 0.3916
0.1992 0.6492 0.1721E 0S5 0.8760 0.3998E 04 0.3710E-04 1.543 0.7867E-02 0.0663 0.4233
0.1944 0.6531 0.1832E 05 0.8740 0.4052E 04 0.3846E-04 1.658 0.9985E-02 0.0869 0.4553
0.1896 0.6569 0.1946E 05 0.8725 0.4112E 04 0.3999E-04 1.780 0.1233€E-01 0.1084 0.4867
0.1848 C.6608 0.2063E 05 0.8713 0.4181E 04 0.4177E~C4 1.909 0.1494E-01 0.1302 0.5167
0.1800 0.6646 0.2184E 05 0.8704 0.4259E 04 0.4379E-04 2.049 0.1783E-01 0.1523 0.5453
0.1752 0.6684 0.2309€E 05 0.8697 0.4347€E 04 0.4619E-04 2.201 G.2107E-0C1 0.1740 g.5714
0.1704 0.6722 0.2437E 05 0.8690 0.4446E 04 0.4902E-04 2.365 0.2469€-01 0.1949 0.5951
0.1657 C.6760 0.2569E 05 0.8685 0.4559E 04 0.5246E-04 2.546 €C.2877E-01 0.2034 0.6042
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TABLE II.- REAL-GAS SOLUTIONS FOR AIR - CONTINUED
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ALTITUDE = 200,000 FT VELOCITY = 10,000 FT/SEC
BODY DATA SHOCK SHAPE
XB YB v PHI P RHO M HT ERROR X8 Y8
FT/SEC RAC LB/SC FT SLUG/CU FT
0. 0. 0. O. 0.5850E 02 0.6060E-05 0. 0.0001 ~0.0850 0.
0.C003 0.0249 0.1194€ 03 0.0249 0.5846E 02 0.6056E-05 0.036 0.0001 ~0.0840 0.0499
0.0013 C.06499 0.2388E 03 0.0499 0.5833E 02 0.6044E-05 0.072 0.0001 ~0.0810 0.0998
0.cC028 C.0748 0.3583E 03 0.0749 0.5811E 02 0.6025E-05 0.108 0.0001 ~0.0760 0.1497
0.C05C 0.0998 0.4782E 03 0.0999 0.5781E 02 0.5997E-05 0.144 0.0001 ~0.0690 0.1995
0.C078 0.1247 0.5984E 03 0.1250 0.5742E 02 0.5962E-05 0.180 0.c000 ~0.0599 0.2494
0.C113 0.,1497 C.7190E 03 0.1502 0.5695E 02 0.5919E~05 0.217 0.0000 -0.0488 0.2993
0.C154 0.1746 0.8401E C3 0.1755 0.5639E 02 0.5869E-05 0.253 0.0000 -0.0356 0.3492
0.0201 0.1995 0.9617€ 03 0.2009 0.5575E 02 0.5810E~05 0.290 0.0000 -0.0202 0.3991
0.0255 0.2245 0.1084E 04 0.2264 0.5503E 02 0.5744E-05 0.328 0.0000 -0.0027 0.4490
0.0316 C.2494 0.1207E 04 0.2521 0.5422E 02 0.5671E-05 0.365 0.0000 0.0170 0.4989
0.0384 0.2744 0.1331€ 04 0.2779 0.5334E 02 0.5589E-05 0.403 -0.0000 0.0389 0.5488
0.0458 0.2993 0.1455E 04 0.3040 0.5237€ 02 0.5501E~-05 0.441 -0.0000 0.0632 0.5986
0.0540 0.3243 0.1585E 04 0.3302 0.5134€ 02 0.5406E~-05 0.481 -0.0000 0.0898 0.6485
0.0630 0.3492 0.1711F 04 0.3567 0.5022€ 02 0.5302€~-05 0.520 -0.0001 0.1188 0.6984
0.0726 0.3742 0.1837€E 04 0.3835 0.4903E 02 0.5192€-05 0.559 -0.0001 0.1503 0.7483
0.0831 0,3991 0.1964E 04 0.4105 0.4777E 02 0.5075E-09 0.599 -0.0003 0.1844 0.7982
0.0943 0.4240 0.2094E 04 0.4379 0.4644E 02 0.4951E~-05 0.640 -0.0004 0.2211 0.8481
0.1064 0.4490 0.2230E 04 0.4656 0.4504E 02 0.4820E-0C5 0.682 -0.0004 0.2604 0.8980
0.1194 0.4739 0.2364E 04 0.4937 0.4356E 02 0.4682E~05 0.1725 -0.0006 0.3025 0.9479
0.1333 0.4989 0.2499E 04 0.5223 0.4204E 02 0.4538E-05 0.768 -0.0008 0.3475 0.9977
0.1481 0.5238 0.2639E 04 0.5513 0.4044E 02 0.4387E~05 0.813 -0.0010 0.3953 1.0476
0.1640 0.5488 0.2780E 04 0.5809 0.3879E 02 0.4230E~05 0.859 -0.0013 0.4462 1.0975
0.1809 C.5737 0.2922E 04 g.6110 0.3710€ 02 0.4068E-05 0.906 -0.0017 0.5001 l.1474
0.199C 0.5986 0.30648E 04 0.6418 0.3536E 02 0.3900E-05 0.954 -0.0019 0.5573 1.1973
0.2182 0.6236 0.3216E 04 0.6733 0.3359E 02 0.3729€E-05 1.003 -0.0024 0.6176 1.2672
0.2388 0.6485 0.3368E 04 0.7057 0.3176E 02 0. 3550E~05 1.054 -0.0029 0.68l4 1.2971
FIELD DATA SONIC LINE
XB Ye v THETA P RHO M PSI xB YB
FT/SEC RAD LB/SC FT SLUG/CU FT
0.2373 C.6461 0.3357€ 04 0.8671 0.3190€ 02 0.3564E-05 1.050 C. -0.0236 0.3887
0.2259 C.6563 0.3584E 04 0.8534 0.3253€ 02 0.3663E-05 1.125 0.7827E-04 -0.0038 0.4125
0.2178 0.6632 0.3750E 04 0.8454 0.3298E 02 0.3738E-05 1.181 0.1392E-03 0.0164 0.4358
0.2098 0.6700 0.3919E 04 0.8385 0.3345E 02 0.3818E~05 1.237 0.2047E-03 0.0369 0.4588
0.2018 0.6768 0.4090E C4 0.8326 0.3394E 02 0.3902€-05 1.295 C.2751E-03 0.0577 0.4814
0.1938 0.6836 0.4263E 04 0.8275 0.3444E 02 0.3990E-05 1.354 0.350%5E-03 0.0787 0.5033
0.1858 0.6904 0.4438E 04 0.8230 0.3496E 02 0.4083E-05 1.415 0.4313E-03 0.0997 0.5243
0.1779 0.6971 0.4613E 04 0.8190 0.3549E 02 0.4181E-05 1.476 0.5179E-03 0.1207 0.5442
0.1700 0.7038 0.4790E G4 0.8154 0.3604E 02 0.42B4E-05 1.538 0.6106E-03 0.1414 0.5629
0.1621 0.7105 0.4966E 04 0.8121 0.3660E 02 0.4391E-05 1.600 0.7097E-03 0.i618 0.5803
0.1543 0.7171 0.5142€ 04 0.8090 0.3717E 02 0.4504E-05 1.663 0.8156€E-03 g.1818 0.5964
0.1465 0.7237 0.531L7E 04 0.8061 0.3774E 02 0.4620E-05 1.727 0.9286E-03 0.2013 0.6111
0.1387 0.7303 0.5491E 04 0.8031 0.3832E 02 0.47T41E-05 1.790 0.1049E-02 0.2172 0.6223-
- ——




TABLE II.- REATL.-GAS SOLUTIONS FOR AIR - CONTINUED

ALTITUDE = 200,000 FT VELOCITY = 15,000 FT/SEC
BODY DATA SHOCK SHAPE
XB Ys v PHI 4 RHO M HT ERROR X8 Y8
FT/SEC RAD LB/SQ FT SLUG/CU FT
0. Q. 0. 0. 0.1322E 03 0.7263E-05 0. 0.0005 ~-0.0692 0.
0.0003 0.0236 0.1576E 03 0.0236 0.1322€ 03 0.7259E-05 0.034 0.0005 -0.0683 0.0472
0.0011 0.0472 0.3152E 03 0.0472 0.1319€E 03 0.7246E-05 0.068 0.0005 -0.0654 0.0944
0.0025 0.0708 0.4731€ 03 0.0709 0.1314E 03 0.7225E~05 0.103 0.0004 -0.0607 0.1416
0.C044 0.0944 0.6317E 03 0.0946 0.1308E 03 0. 7196E-05 0.137 0.0004 -0.0540 0.1888
0.0070 0.1180 0.7910E 03 0.1183 0.1300E 03 0.7157E-05 0.172 0.0003 -0.0454 0.2360
0.0100 O.l416 0.9511E 03 0.1421 0.1290E 03 0.7110E-05 0.206 0.0003 -0.0348 0.2832
0.0137 0.1652 0.1112E 04 0.1660 0.1278E 03 0.7055E-05 0.242 0.0002 -0.0221 0.3305
0.0179 0.1888 0.1274E 04 0.1900 0.1265E 03 0.6991E-05 0.277 0.0001 -0.0073 0.3717
0.0227 0.2124 0.1438E 04 0.2140 0.1249E 03 0.6918E-05 0.313 -0.0001 0.0096 0.4249
0.0281 0.2360 0.1602E 04 0.2383 0.1232E 03 0.6837E-05 0.349 -0.0003 0.0287 0.4721
0.0342 0.2596 0.1768E 04 0.2626 0.1213E 03 0.6746E-05 0.385 -0.0003 0.0501 0.5193
0.0408 0.2832 0.1935E 04 0.2871 0.1192€ 03 0.6646E-05 0.422 -0.0003 0.0739 0.5665
0.0481 0.3068 0.2102€E 04 0.3118 0.1170€ 03 0.6539€E-05 0.459 -0.0004 0.1002 0.6137
0.0561 0.3305 0.2274E 04 0.3368 O.1146E 03 0.6417E-05 0.497 0.0009 0.1291 0.6609
0.0647 0.3541 0.2445E 04 0.3619 0.1120E 03 0.6295E-05 0.535 0.CC03 0.1606 0.7081
0.0741 0.3777 0.2614E 04 0.3873 0.1093€ 03 0.6168E-05 0.572 -0.0006 0.1949 0.7553
0.0841 0.4013 0.2783E 04 0.4129 D.1065E 03 0.6036E-05 0.610 -0.0019 0.2321 0.8025
0.0949 0.4249 0.2955E 04 0.4389 0.1035E 03 0.5900E-05 0.6459 -0.0037 0.2723 0.8497
0.1064 0.4485 0.3131E 04 0.4651 0.1004E 03 0.5756E-05 0.690 ~0.C053 0.3157 0.8969
0.1186 0.4721 0.3310E 04 0.4917 0.9724E 02 0.5612E-05 0.731 -0.0080 0.3623 0.9442
0.1317 0.4957 0.3487E 04 0.5187 0.9390E 02 0.5447E-05 0.712 -0.0083 0.4124 0.9914
0.1456 0.5193 0.3670E 04 0.5461 0.9039E 02 0.5272E-05 0.814 -0.0082 0.4659 1.0386
0.1603 0.5429 0.3863E 04 0.5740 0.8671E 02 0.5089E-05 0.859 -0.0084 0.5232 1.0858
0.1760 C.5665 D.4060FE 04 0.6023 0.8280E 02 0.4895E-05 0.905 -0.0092 0.5843 1.1330
0.1927 0.5901 0.4264E 04 0.6312 0.7874E 02 0.4691E-05 0.953 -0.0098 0.6494 1.1802
0.2104 0.6137 0.4478E 04 0.6607 0.7448E 02 0.4469E-05 1.004 -0.0089 0.7187 1.2274
0.2294 0.6373 0.4696E 04 0.6910 0.7011E 02 0.4249E-05 1.058 -0.0102 0.7922 1.2746
FIELD DATA SONIC LINE
X8 Y8 v THETA P RHO M PSl xB YB
FY/SEC RAD LE/SC FT SLUG/CU FT

. P PR - SR ——————
0.2267 0.6340 0.4666E 04 0.8829 0.7072E 02 0.4279E-C5 1.050 0. -0.0189 0.3411
0.2219 0.6379 0.4864E 04 0.8767 0.7133E 02 0.4346E-05 1.097 0.5759E-04 -0.0015 0.3659
0.2155 0.6432 0.5142E 04 0.8699 0.7225E 02 0. 4449E-05 l.164 0.1423E-03 0.0169 0.3915
0.2090 0.6486 0.5432E 04 0.8642 0.7321E 02 0.4565E-05 1.235 0.2346E-03 0.0362 0.41179
0.2026 0.6538 0.5731E 04 0.8596 0.7424E 02 0.4693E-05 1.309 C.3351E-03 0.0564 0.4449
0.1962 0.6591 0.6040E 04 0.8558 0.7535E 02 0.4837E-05 1.388 0.4447E-03 0.0775 0.4721
0.1898 0.6643 0.6358E 04 0.8527 0.7654E 02 0.5000E-05 0.5644E-03 0.0991 0.4990
0.1834 0.6696 0.6685E 04 0.8502 0.7782E 02 0.5190E-05 0.6953E-03 0.1211 0.5249
0.1771 0.6748 0.7024E 04 0.8481 0.7921E 02 0.5416E-05 0.8392€E-03 0.1429 0.5491
0.1707 0.6800 0.7374E 04 0.8463 0.8071E 02 0.5688E-05 0.9980E-03 0.1641 0.5711
0.1644 0.6852 0.7739E 04 0.8447 0.8235E 02 0.6015€-05 0.1174E-02 0.1845 0.5905
0.1582 0.6903 0.8120E 04 0.8433 0.8413E 02 0.6401E-05 0.1372E-02 0.2039 0.6076
0.1519 0.6955 L 0.8517E 0.8607E 02 0.6825E-05 LE:ISQBE—OZ 0.2089 0.6117
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HT ERROR

0.0003

0.0003

0.0003

0.0002

0.0002

0.0002

0.0001

0.0001
-0.0000
-0.0001
-0.0002
-0.C003
-0.0004
-0.0005
-0.0005
-0.C006
-0.0008
-0.0011
~0.0014
-0.0017
-0.0019
-0.0020
-0.0021
-0.0022
-0.0024
-0.0024
-0.0026
-0.0026
-0.0029

0.

0.1488E-03
0.2616E-C3
0.3851E-03
0.5200€-03
0.6670E-03
0.8273e-03
0.1002g-02
0.1192E-02
0.1399€E-02
0.1625E~02
0.1871e-02
0.2140€-02

ALTITUDE = 200,000 FT VELOCITY = 20,000 FT/SEC
BODY DATA
XB Y8 v PHI P RHO M

FT/SEC RAC LB/SQ FT SLUG/CU FT
0. 0. 0. 0. 0.2369€ 03 0.9120£-05 0.
0.0003 0.0231 0.1848E 03 0.0231 0.2368E 03 0.9114E-05 0.034
0.0011 0.0462 0.3695E 03 0.0462 0.2363E 03 0.9099E£-05 0.068
0.0024 0.0693 0.5545E 03 0.0693 0.2355E 03 0.9072£-05 0.102
0.C043 0.0924 0.7402E 03 0.0925 0.2344E 03 0.9035E-05 0.137
0.0067 0.1154 0.9266E 03 0.1157 0.2330E 03 0.8987E-05 0.171
0.0096 0.1385 0.1114E 04 0.1390 0.2313€ 03 0.8928E-05 0.206
0.0131 0.1616 0.1302€E 04 0.1623 0.2293E 03 0.8859E-05 0.241
0.0172 0.1847 C.1490E 04 0.1858 0.2270E 03 0.8779€-05 0.276
0.0218 0.2078 0.1680E 04 0.2093 0.2243E 03 0.8689E-05 0.311
0.C270 0.2309 0.1871E C4 0.2330 0.2214E 03 0.8588E-05 0.347
0.0328 0.2540 0.2063E 04 0.2568 0.,2182E 03 0.8477E-05 0.383
0.0391 0.2771 0.2257E 04 0.2807 0.2146E 03 0.8355FE-05 0.419
0.0461 0.3002 0.2452E 04 0.3049 0.2108E 03 0.8223E-05 0.456
0.0537 0.3233 0.2654E 04 0.3292 0.2067E 03 0.8082£-05 0.494
0.0619 0.3463 0.2852E 04 0.3537 0.2023E 03 0.7929€-05 0.532
0.0708 0.3694 0.3050E 04 0.3784 0.1977€ 03 0.7767€E-05 0.569
0.0803 0.3925 0.3250E 04 0.4034 0.1928E 03 0.7597E-05 0.608
0.0905 0.4156 0.3454E 04 0.4286 0.1876E 03 0.7417E-05 0.647
0.1014 0.4387 0.3664E 04 0.4542 0.1822E 03 0.7228E-05 0.687
0.1131 0.4618 0.3874E C4 0.4801 0.1766E 03 0.7029E-05 0.728
0.1255 0.4849 0.40B4E 04 0.5063 0.1708E 03 0.6822E-05 0.769
0.1388 0.5080 0.4299E 04 0.5329 0.1647€ 03 0.6607E-05 0.811
0.1528 0.5311 0.4517E 04 0.5599 0.1585E 03 0.6384E-05 0.855
0.1677 0.5542 0.4737E 04 0.5874 0.1521E 03 0.6156E-05 0.898
0.1836 0.5772 0.4959E 04 0.6154 0.1456E 03 0.5919€E-05 0.943
0.2004 0.6003 0.5185E 04 0.6440 0.1389E€ 03 0.5680€E-05 0.989
0.2181 0.6234 0.5413E 04 0.6731 0.1322E 03 0.5434E-05 1.035
0.2370 0.6465 0.5642E 04 0.7030 0.1255€ 03 0.5189€E-05 1.082

FIELD DATA
XB Y8 v THETA P RHO M

FT/SEC RAD LB/SQ FT SLUG/CU FT
0.2241 0.6308 0.5486E 04 0.8911 0.1301E 03 0.5356E-05 1.050
0.2163 0.6371 0.6126E 04 0.8819 0.1318E 03 0.5482E-09 1.179
0.2111 0.6413 0.6565E 04 0.8773 0.1331E 03 0.5581E-05 1.268
0.2059 0.6455 0.7009E 04 0.8736 0.1345E 03 0.5691E-05 1.360
0.2007 0.6497 0.745BE 04 0.8706 0.1361E 03 0.5815€E-05 1.454
0.1956 0.6539 0.7912E 04 0.8682 0.1379E 03 0.5953E-05 1.551
0.1904 0.6580 0.8370E 04 0.8664 0.1398E 03 0.6108E-05 1.651
0.1852 0.6622 0.8833E 04 0.8649 0.1419E 03 C.6280E-05 1.753
0.1801 0.6664 0.9301E 04 0.8636 0.1442E 03 0.6474E-05 1.858
0.1750 0.6705 0.9771E 04 0.8626 0.1468E 03 0.6690E-05 1.967
0.1699 0.6746 0.1024E 05 0.8618 0.1496E 03 0.6933E-05 2.079
0.1648 0.6787 0.1072E 05 0.8610 0.1526E 03 0.7205€-05
0.1597 0.6828 0.1120£€ 05 0.8603 0.1558€E 03 0.7511E-05

SHOCK
XB

-0.0555
~0.0546
-0.0518
-0.0872
-0.0407
-0.0322
-0.0219
-0.0096
0.0048
0.0212
0.0397
0.0604
0.0833
0.1085
0.1362
0.1664
0.1991
0.2345
0.2726
0.3137
0.3577
0.4049
0.4552
0.5090
0.5662
0.6270
0.6915
0.7600
0.8324

SONIC

X8

-0.0167
-0.0023
0.0131
0.0296
0.0473
0.0661
0.0858
0.1061
0.1267
0.1473
0.1677
0.1876

SHAPE

YB

O.

0.0462
0.0924
0.1385
0.1847
0.2309
0.2771
0.3233
0.3694
0.4156
0.4618
0.5080
0.5542
0.6003
0.6465
0.6927
0.7389
0.7851
0.8312
0.8774
0.9236
0.9698
1.0160
1.0621
1.1083
1.1545
1.2007
1.2469
1.2930

( 0.2974
0.3212
0.3466
0.3736
0.4018
0.4308
0.4600
0.4886
0.5160
0.5419
0.5659
0.5881

0.2047

0.6061



TABLE II.- REAL-GAS SOLUTIONS FOR AIR - CONTINUED

ALTITUDE = 200,000 FT VELOCITY = 25,000 FT/SEC
BODY DATA SHOCK SHAPE
X8 Y8 v PHI p RHO M HT ERROR X8 Y8
FT/SEC RAC LtB/SQ FT SLUG/CU FT
0. 0. o. 0. 0.3718€ 03 0.1061E~04 0. 0.0002 -0.0475 0.
0.0C03 0.0225 0.2106E 03 0.0225 0.3715E 03 0.1060E-~04 0.033 0.0002 —-0.0466 0.0450
0.C010 0.0450 0.4210E 03 0.0450 0.3708E 03 0.1059E-04 0.067 0.0002 -0.0439 0.0900
0.0023 0.0675 0.6316E 03 0.0675 0.3696E 03 0.1056E-~Q4 0.100 0.0002 ~0.0393 0.1350
0.0041 0.0900 0.8432€E 03 0.0901 0.3680E 03 0.1051E-~04 0.133 0.0002 -0.0330 0.1800
0.0063 0.1125 0.1056E 04 0.1127 0.3659€E 03 0.1046E~04 0.167 0.0001 -0.0248 0.2250
0.0091 0.1350 0.1269E 04 0.1354 0.3633€ 03 0.1040E~04 0.201 0.0001 -0.0147 0.2700
0.0125 0.1575 0.1483E 04 0.1581 0.3602E 03 0.1032E~04 0.235 0.0000 -0.0027 0.3150
0.0163 0.1800 0.1698E 04 0.1810 0.3567€ 03 0.1023E-04 0.269 ~0.0001 0.0113 0.3599
0.0207 0.2025 0.1915E 04 0.2039 0.3527E 03 0.1013E~04 0.304 ~0.0002 0.0274 0.4049
0.0256 0.2250 0.2133E 04 0.2269 0.3483€E 03 0.1002E~04 0.339 ~0.C0002 0.0455 0.4499
0.0311 0.24175 0.2352E 04 0.2501 0.3434E 03 0.9895E~05 0.374 ~0.0002 0.0657 0.4949
0.0371 0.2700 0.2573E 04 0.2733 0.3380€ 03 0.9759E~05 0.409 ~0.0002 0.0882 0.5399
0.0437 0.2925 0.2795E 04 0.2968 0.3322€ 03 0.9613E~05 0.445 ~0.0004 0.1129 0.5849
0.0509 0.3150 0.3022E 04 0.3204 0.3260& 03 0.9457E~05 0.482 -0.C007 0.1401 0.6299
0.0587 0.3375 0.3248E 04 0.3442 0.3193¢ 03 0.9287E~05 0.519 -0.0009 0.1697 0.6749
0.0671 0.3599 0.3474E 04 0.3682 0.3123E 03 0.9107E~05 0.555 ~0.0011 0.2019 0.7199
0.0761 0.3824 0.3702€ 04 0.3925 0.3048€ 03 0.8917€E~05 0.593 ~0.0015 0.2368 0.7649
0.0858 0.4049 0.3934E 04 0.4170 0.2970E 03 0.8717€-05 0.631 ~0.0019 0.2744 0.8099
0.0961 0.4274 0.4171E 04 0.4417 0.2888E 03 0.8505E~05 0.670 -0.0022 0.3149 0.8549
0.1071 0.4499 0.4414E 04 0.4668 0.2802E 03 0.8282E~05 0.711 -0.0020 0.3585 0.8999
0.1188 C.4724 0.4654E 04 0.4921 0.2713€ 03 0.8050E~05 0.751 ~-0.0024 0.4052 0.9449
0.1313 0.4949 0.4895E 04 0.5178 0.2621E 03 0.7810E-05 0.792 -0.0027 0.4551 0.9899
0.1445 0.5174 0.5141E 04 0.5439 0.2526E 03 0.7560E~05 0.833 -0.0027 0.5084 1.0349
0.1585 0.5399 0.5390E 04 0.5705 0.2429€ 03 0.7303E-05 0.876 -0.0032 0.5653 1.0798
0.1733 0.5624 0.5641E 04 0.5974 0.2329E 03 0.7040E~-05 0.919 -0.0037 0.6258 1.1248
0.1891 0.5849 0.5896E 04 0.6249 0.2227€ 03 0.6765E~05 0.963 -0.0036 0.6902 1.1698
0.2057 0.6074 0.6156E 04 0.6529 0.2123E 03 0.6488E-05 1.009 -0.0042 0.7585 1.2148
0.2233 0.6299 0.6420E 04 0.6814 0.2017E 03 0.6202E-05 1.056 -0.0045 0.8310 1.2598
FIELD CATA SONIC LINE
XB YB v THETA P RHO M PSIT X8 YB
FT/SEC RAD LB/SQ FT SLUG/CU FT

0.2212 0.6272 0.6388E 04 0.8959 0.2030€ 03 0.6237E-05 1.050 0. -0.0144 0.2713
0.2150 0.6321 0.7188E 04 0.8888 0.2052€E 03 0.63B1E-05 1.189 0.1670E-03 -0.0016 0.2949
0.2106 0.6357 0.7777E 04 0.8850 0.2070€ 03 0.6502E-05 1.293 0.3040E-03 G.0124 0.3207
0.2062 0.6392 0.8376E 04 0.8821 0.2091E 03 0.6639E-05 1.401 0.4554E-03 0.0278 0.3489
0.2018 0.6427 0.89B4E 04 0.8799 0.2114E 03 0.6793E-05 1.512 0.6223E-03 0.0447 0.3791
0.1974 0.6463 0.9600E 04 0.8782 0.2141€ 03 0.6968E-05 1.627 0.8058E-03 0.0630 0.4109
0.1930 0.6498 0.1023E 05 0.8770 0.2171E 03 0.7167TE-05 l.746 C.1008E-02 0.0827 0.4432
0.1886 0.6533 0.1086E 05 0.8761 0.2205E 03 0. 7392E-05 1.869 0.1229E-02 0.1033 0.4751
0.1842 0.6568 0.1150E 05 0.8754 0.2242E 03 0.7648E~-05 1.998 0.1473E-02 0.1244 0.5057
0.1799 0.6603 0.1215E 05 0.8749 0.2284€ 03 0.7938E-05 2.131 0.1741€E-02 0.1456 0.5345
0.1755 0.6638 0.1281E 05 0.8746 0.2331€E 03 0.8267E-05 2.270 0.2036E~02 0.1664 0.5611
0.1712 0.6672 0.1348€ 05 0.8743 0.2383E 03 0.8640E-05 2.415 0.2360E-02 0.1868 0.5855
0.1668 0.6707 0.1414E 05 0.8740 0.2440E 03 0.9063E-05 2.565 0.2719E-02 0.2024 0.6030
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TABLE II.- REAL-GAS SOLUTIONS FOR AIR - CONTINUED

ALVITUDE = 200,000 FY
BCCY CATA

RN B

x8 ye v PHI P

FT/SEC RAC LB/SQ FT

0. 0. C. 0. | 0.5351F 03
0.C002 c.0219 0.2491E C3 0.0219 0.5347E 03
0.0010 C.0439 0.497%E 03 0.0439 0.5338E 03
0.0022 0.0658 0.7470E 03 0.0659 0.5321€ 03
0.C039 0.0877 0.9969E 03 0.0879 0.5298E 03
0.C060C 0.1097 0.1248E 04 0.1099 0.53269€ 03
0.C087 0.1316 0.1499E 04 0.1320 0.5233E 03
0.0118 0.1535 0.1751E 04 0.1541 0.5190€ 03
0.Cl155 0.1755 0.2006E 04 0.1764 0.5141C 03
0.0197 0.1974 0.2262E G4 0.1987 0.5086E 03
0.0243 0.2193 0.2519E 04 0.2211 0.5024E 03
0.0295 0.2413 0.2776E 04 0.2437 0.4956E 03
0.0352 0.2632 0.3033E 04 0.2663 0.4881E 03
0.0415 0.2851 0.3292E 04 0.2892 0.4801E 03
0.0483 0.3071 0.3556E 04 0.3121 0.47L4E 03
0.0557 0.3290 0.3825€ 04 0.3353 0.4621E 03
0.0636 0.3510 0.4115E 04 0.3586 0.4523€ 03
0.0722 0.3729 0.4382E 04 0.3821 0.4418E 03
0.0813 0.3948 0.464BE 04 0.4059 0.4309E 03
0.0911 0.4168 0.4916E% 04 0.4299 0.4194E 03
0.1015 0.4387 0.5187E 04 0.4542 0.4073E 03
0.1125 0.4606 0.5461E 04 0.4788 0.3948E 03
0.1243 C.4826 0.5737E 04 0.5036 0.3819€ 03
0.1368 0.5045 0.6022E 04 0.5289 0.3686E 03
0.1500 0.5264 0.6308E 04 0.5545 0.3550E 03
0.1640 0.5484 0.6597E 04 0.5805 0.3411FE 03
0.1788 0.5703 0.6889E 04 0.6070 0.326%9€ 03
0.1944 0.5922 0.7183E 04 0.6339 0.31258 03
0.2109 0.6142 0.7485E 04 0.6614 0.2979€E 03
0.2284 0.6361 0.7785E 04 0.6894 0.2832E 03

FIELD DATA

X8 Y8 v THETA 4

FY/SEC RAC LB/SQ FT

0.2266 0.6339 0.7755E 04 0.8884 0.2847E 03
0.2230 0.6368 0.8348E 04 0.8838 0.2864E 03
0.2187 0.6403 0.9067E 04 0.8798 0.2889E 03
0.2145 0.6437 0.9802E 04 0.8766 0.2917E 03
0.2102 0.6472 0.1056E 05 0.8743 0.2950E 03
0.2060 0.6507 0.1133E 05 0.8727 0.2987E 03
0.2017 0.6541 0.1213E 05 0.8715 0.3030E 03
0.1975 0.6575 0.1296E 05 0.8708 0.3079E 03
0.1933 0.6610 0.1380E 05 0.8704 0.3135¢ 03
0.1891 0.6644 0.1467E 05 0.8702 0.3199€ 03
0.1849 0.6678 0.1556E 05 0.8702 0.3273E 03
0.1807 0.6712 0.1647E 05 0.8703 0.3357€ 03
0.1765 0.6746 0.1739E 05 0.8705 0.3454E 03

60

VELOCITY = 30,000 FY/SEC
SHOCK SHAPE
. s ,_uw_ﬁA_,u____4ﬁ__ﬂMA

RHO M HT ERROR X8 YR
SLUG/CU FT
0.1057E-04 0. 0.0002 ~0.0466 0.
0.1056E-04 0.032 0.C002 ~0.0458 0.0439
0.1055E-04 0.063 0.0002 -0.0431 0.0877
0.1052E-04 0.095 0.0002 ~0.0387 0.1316
0.1048E-04 0.127 0.0002 -0.0325 0.1755
0.1043E-04 0.158 0.€002 -0.0245 0.2193
0.103BE-04 0.190 0.0001 -0.0147 0.2632
0.1031E-04 0.223 -0.0001 -0.0030 0.3071
0.1023E-04 0.255 -0.0002 0.0107 0.3510
0.1014E-04 0.288 -0.0001 0.0263 0.3948
0.1003E-04 0.321 -0.0001 0.0439 0.4387
0.9924E-05 0.355 -0.0005 0.0637 0.4826
0.980TE-05 0.388 -0.0011 0.0856 0.5264
0.9678E-05 0.422 -0.0016 0.1097 0.5703
0.9532E-05 0.457 -0.0016 0.1361 0.6142
0.9372€-05 0.492 -0.0013 0.1650 0.6580
0.9189E-05 0.530 0.0003 0.1964 0.7019
0.9017E-05 0.566 -0.0003 0.2303 0.7458
0.8839E-05 0.602 ~0.0011 0.2670 0.7896
0.8655E-C5 0.639 -0.0024 0.3065 0.8335
0.8462E-05 0.676 -0.0038 0.3489 0.87174
0.8256E-05 0.715 ~-0.0050 0.3944 0.9212
0.B035E~05 0.754 -0.C056 0.4430 0.9651
0.7804E-05 0.794 -0.0060 0.4950 1.0090
0.7565E-05 0.835 -0.0063 0.5504 1.0529
0.7314E-05 0.877 -0.0061 0.6094 1.0967
0.7063E-05 0.920 -0.0066 0.6722 1.1406
0.680BE-05 0.963 -0.0072 0.7388 1.1845
0.6537E-05 1.008 ~0.0068 0.8095 1.2283
0.6271E-05 1.055 -0.0073 0.8843 1.2722

SONIC LINE

RHO M PSi xB Y8
SLUG/CU FT
0.6297E-05 1.050 G. -0.0132 0.2693
0.64158-05 1.139 0.1247€-03 | -0.0001 0.2939
0.6575E-05 1.250 0.2901E-03 [ 0.0144 0.3212
0.6759E-05 1.368 0.4745E-03 | 0.0305 0.3515
0.6969E-05 1.493 0.6800E-03 | 0.0486 0.3843
0.7210€-05 1.625 0.9090E-03 | 0.0686 0.4189
0.7486E~05 1.767 0.1164E-02 [ 0.0900 0.4540
0.7802E-05 1.916 0.1448E~02 | 0.1124 0.4883
0.8165E~05 2.074 0.1766E-02 | 0.1352 0.5208
0.8577E-05 2.241 0.2122E-02 | 0.1579 0.5509
0.9045E-05 2.417 0.2521E-02 | 0.1801 0.5784
0.9582E~05 2.603 0.2968E-02| 0.2016 0.6033
0.1020E-04 2.800 0.3472E-02| 0.2078 0.6101




TABLE IT.- REAT-GAS SOLUTIONS FOR AIR - CONTINUED

ALTITUDE = 200,000 FT VELOCITY = 35,000 FT/SEC
BODY DATA SHOCK SHAPE
P, e e -
x8 Y8 v PHI P RHO M HT ERROR x8 v8
FT/SEC RAC LB/SQ FT SLUG/CU FT
A ST SR,
0. 0. 0. 0. 0.7266E 03 0.9900E~05 0. 0.0002 ~0.0503 0.
0.0004 0.0280 0.3804E 03 0.0280 0.7259E 03 0.9891E-05 0.041 0.0001 ~0.0489 0.0560
0.0016 0.0560 0.7608E 03 0.0561 0.7237€ 03 0.9866E-05 0.082 0.0001 ~0.0447 0.1121
0.0035 0.0841 0.1143F 04 0.0842 0.7202E 03 0.9824E-05 0.123 0.0001 ~0.0377 0.1681
0.0063 0.1121 0.1527E 04 0.1123 0.7151E 03 0.9766E~05 0.165 0.0002 ~0.0277 0.2242
0.0098 0.1401 0.1913E 04 0.1406 0.7086E 03 0.9690E-~05 0.206 0.0001 ~0.0147 0.2802
0.0142 0.1681 0.2303E 04 0.1689 0.7007E 03 0.9598E~05 0.249 0.0001 0.0013 0.3363
0.0193 0.1961 0.2696E 04 0.1974 0.6913E 03 0.9489E~05 0.291 -0.0001 0.0205 0.3923
0.0253 0.2242 0.3093E G4 0.2261 0.6805E 03 0.9363E~05 0.335 -0.0003 0.0430 0.4483
0.0322 0.2522 0.3495E 04 0.2549 0.6682E 03 0.9219E-05 0.379 -0.0003 0.0691 0.5044
0.0400 0.2802 0.3902€ 04 0.2840 0.6544E 03 0.9057E~05 0.423 -0.0003 0.0988 0.5604
0.0486 0.3082 0.4312E 04 0.3133 0.6394E 03 0.B8879E~05 0.469 -0.0003 0.1324 0.6165
0.0582 0.3363 0.4732E 04 0.3429 0.6231E 03 0.8685E~05 0.515 -0.€002 0.1701 0.6725
0.0688 0.3643 0.5143E 04 0.3729 0.6055E 03 0.8476E~05 0.561 -0.0003 0.2121 0.7285
0.0803 0.3923 0.5553E 04 0.4032 0.5870€ 03 0.8253E~05 0.607 -0.0004 0.2588 0.7846
0.0929 0.4203 0.5965E 04 0.4339 0.5673E 03 0.8017E~05 0.654 -0.C005 0.3102 0.84C6
0.1065 0.4483 0.6384E 04 0.4650 0.5466E 03 0.7767E~05 0.702 -0.C007 0.3669 0.8967
0.1211 0.4764 0.6821E 04 0.4967 0.5248E 03 0.7500E~05 0.752 -0.0005 0.4290 0.9527
0.1369 0.5044 0.7261E 04 0.5288 0.5017E 03 0.7220E-05 0.803 -0.0009 0.4970 1.0088
0.1539 0.5324 0.7711E 04 0.5616 0.4777€ 03 0.6926E~05 0.856 -0.0014 0.5711 1.0648
0.1721 0.5604 0-8181E 04 0.5950 0.4525€ 03 0.6612E~05 0.912 -0.c015 0.6517 1.1208
0.1916 0.5884 0.8661E 04 0.6292 0.4264E 03 0.6288E~05 0.970 -0.0019 0.7392 1.1769
0.21217 0.6165 0.9151E 04 0.6643 0.3995E 03 0.5953E~05 1.030 -0.0028 0.8340 1.2329
0.2353 0.6445 0.9652E 04 0.7003 0.3724E 03 0.5608E~05 1.093 ~0.0033 0.9364 1.2890
FIELD DATA SONIC LINE
x8 Y8 v THETA p RHO M PSI x8 Y8
FT/SEC RAC LB/SQ FT SLUG/CU FT

0.2197 0.6254 0.9309E G4 0.8987 0.3909€ 03 0.5844E-05 1.050 0. -0.0148 0.2799
0.2126 0.6310 0.1049€ 05 0.8904 0.3960E 03 0.6029E-05 1.193 C.2664E-03 | -0.0012 0.3042
0.2080 0.6347 0.1129E 05 0.8866 0.3999E 03 0.6177E-05 1.293 0.4654E~03 0.0138 0.3309
0.2033 0.6384 0.1212E 05 0.8837 0.4042E 03 0.6351E-05 1.399 0.6856E-03 0.0302 0.3600
0.1987 0.6421 0.1298E 05 0.8814 0.4092E 03 0.6559E-05 1.509 0.9297€-03 0.0484 0.3912
0.1941 0.6458 0.1386E 05 0.8797 0.4148E 03 0.6814E-05 1.627 0.1201E-02 0.0683 0.4241
0.1895 0.6494 0.1478E 05 0.8784 0.4212E 03 0.7137E-05 1.756 0.1504E-02 0.0896 0.4577
0.1849 0.6531 0.1574E 05 0.8775 0.4286E 03 0.7553E-05 1.898 0.1844E-02 0.1120 0.4908
0.1803 0.6567 0.1675E 05 0.8767 0.4370E 03 0.8089E-05 2.061 0.2231E-02 0.1348 0.5223
0.1757 0.6604 0.1783E 05 0.8761 0.4470E 03 0.8762E-05 2.251 0.2676E-02 0.1575 0.5513
0.1712 0.6640 0.1898E 05 0.8756 0.4587E 03 0.9575E-05 2.484 0.3193€-02 0.1795 0.5776
0.1666 0.6676 0.2021E 05 0.8752 0.4726E 03 0.1054E-04 2.757 0.3799E-02 0.2007 0.6012
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TABLE II.- REAL-GAS SOLUTIONS FOR AIR - CONTINUED

ALTITUDE = 200,000 FT VELOCITY = 40,000 FT/SEC
BODY DATA SHOCK SHAPE
X8 Y8 v PHI P RHO M HT ERROR xB YB
FT/SEC RAC LB/SQ FT SLUG/CU FT
0. Q. 0. 0. 0.9497E 03 0.1018E-04 0. -0.0001 ~0.0491 0.
0.C004 C.0280 0.4294E 03 0.0280 0.9488E 032 0.1017E-04 0.041 -0.0001 -0.0477 0.0561
0.0016 0.0561 0.8587E 03 0.0561 0.9460E 03 0.1014E-04 0.083 -0.0000 -0.0435 0.1121
0.0035 0.0841 0.1289E 04 0.0842 0.9413E 03 0.1010E-04 0.124 -0.0000 -0.0364 0.l682
0.C063 0.1121 0.1722€ 04 G.1124 0.9347€ 03 0. 1004E~04 0.166 -0.0000 -0.0265 0.2243
0.0099 0.1402 0.2158E 04 0.1406 0.9262¢8 03 0.9961E-05 0.208 0.0000 -0.0136 0.2803
0.0142 0.1682 0.2596E 04 0.1690 0.9159E 03 0.9865E~05 0.25¢ 0.0001 0.0024 0.3364
0.C194 0.1962 0.3037E 04 0.1975 0.9037€ 03 0.9752E-05 0.293 0.0001 0.0215 0.3925
0.0255 0.2243 0.3482E Q4 0.2262 0.8896E 03 0.9622E-05 0.336 0.0000 0.0438 0.4485
0.0323 0.2523 0.3932E 04 0.2551 0.8737€ 03 0.9474E-05 0.380 -0.0000 0.0696 0.5046
0.0401 0.2803 0.4386E 04 0.2841 0.8560E 03 0.9308E~05 0.424 0.0000 0.0989 0.5607
0.0488 0.3084 0.4845E 04 0.3135 0.8364E 03 0.9124E-05 0.470 Q.0001 0.1320 0.6167
0.0584 0.3364 0.5325E 04 0.3431 0.8153E 03 0.8926E-05 0.517 0.0002 0.1690 0.6728
0.0689 0.3644 0.5790E 04 0.3731 0.7922€ 03 0.8707E~05 0.563 0.0003 0.2102 0.7289
0.0804 0.3925 0.6256E 04 0.4034 0.7678E 03 0.8474E-05 0.610 0.0005 0.2557 0.7849
0.0930 0.4205 0.6727E 04 0.4341 0.7419€E 03 0.8226E-05 0.657 0.0005% 0.3059 0.8410
0.1066 0.4485 C.7211E 04 0.4653 0.7145E 03 0.7962E-05 0.70¢ 0.0009 0.3609 0.8971
0.1213 0.4766 0.7705E 04 0.4969 0.68B58E 03 0.7686E~05 0.757 0.0008 g.4211 0.9531
0.1372 0.5046 0.8194E 04 0.5292 0.6564E 03 0.7402E-~05 0.807 0.0006 0.4867 1.0092
0.1542 0.5326 0.8685E 04 0.5620 0.6260€ 03 0.7106E~05 0.858 ¢.0008 0.5580 1.0653
Q.1725 0.5607 0.9178E 04 0.5955 0.5955€ 03 0.6807E-05 0.910 0.0006 0.6355 1.1213
0.1921 0.5887 0.9666E 04 0.6297 0.5646E 03 0.6502E-~05 0.962 0.0005 0.7193 1.1774
0.2131 0.6167 0.1015E 05 0.6647 0.5338E 03 0.6196E~05 1.014 0.0002 0.8099 1.2335
0.2355 0.6448 0.1064E 05 0.7006 0.5025€E 03 0.5879E-05 1.068 0.0004 0.9076 1.2895
1 -
FIELD CATA SONIC LINE
X8 Y8 v THETA P RHO M PSl XB Y8
FT/5SEC RAD LB/SQ FT SLUG/CU FT
ISl - Lo ey PR RO U - —_—
0.2280 0.6356 0.1048E 05 0.8926 0.5128E 03 0.5984E~05 1.050 C. -0.0145 0.2766
0.2227 0.6398 0.1154E C5 0.8861 0.5171E 03 0.6116E~05 1.163 C.2275E~03 ~0.0013 0.3005
0.2182 0.6434 0.1248E 05 0.8819 0.5213E 03 0.6244E~05 1.265 0.4473E-03 0.0132 0.3268
0.2137 0.6471 0.1343E 05 0.8785 0.5262E 03 0.6392E-05 1.37¢C 0.6904E-03 0.0292 0.3553
0.2092 0.6507 0.1440E 05 0.8757 0.5317€ 03 0.6561E~05 l.481 0.9590E-03 0.0467 0.3859
0.2047 0.6543 0. 1540E 05 0.8736 0.5379E 03 0.6755E~05 1.596 0.1256E-02 0.0658 0.4179
0.2002 0.6579 0.1642E 05 0.8719 0.5450E 03 0.6980E~05 1.718 0.1583E-02 0.0861 0.4505
0.1958 0.6615 0.1747E Q5 0.8705 0.5529E€ 03 0.7242E-05 1.847 0.1946E-02 0.1074 0.4826
0.1913 0.6651 0.1854E 05 0.8694 0.5620E 03 0.7551E~05 1.984 0.2347E-02 0.1292 0.5134
0.1869 0.6687 0.1964E Q5 0.8686 0.5722€ 03 0.7920E-~0Q5 2.132 0.2794E-02 0.1512 0.5426
0.1825 0.6722 0.2077€ 05 0.8679 0.5839€ 03 0.8368E~05 2.291 0.3293E-02 0.1732 0.5699
0.1780 0.6758 0.2194E 05 0.8674 0.5973E 03 0.8922E~05 2.466 0.3854E-02 0.1949 0.5953
0.1736 0.6794 0.2314E 05 0.8669 0.6128E 03 0.9647TE~05 2.663 0.4491E-02 0.2072 0.6091*4
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TABLE II.- REATL-GAS SOLUTIONS FOR AIR ~ CONTINUED

ALTITUDE = 200,000 FT VELOCITY = 45,00C FT/SEC
BaDY DATA SHOCK SHAPE
B
xB Y8 v PHI P RHO M HT ERROR XB ye
FT/SEC RAC LB/SC FT SLUG/CU FT
O. C. C. 0. 0.1203E 04 Co1C46E-C4 0. -0.0013 -0.0479 0.
0.CCO4 Cc.Cc280 0.4755E 03 0.0280 0.1202E 04 C.1C45E-04 0.042 -0.0012 -0.0465 0.0560
0.CCle C.C56C 0.9507E C3 C.0560 0.1198E C4 C.1042E~C4 C.084 -C.C011 —-0.0423 0.1120
0.CC35 €.C84C 0.1427E C4 0.0841 0.1192€ 04 C.1038E-C4 0.126 -0.C009 -0.0352 0.1680
0.CCé63 0.112¢C 0.1907E C4 0.1122 0.1184E Q4 C.1C31E-04 0.168 -0.C006 ~-0.0253 0.2240
0.CC98 0.1400 0.2389E C4 0.1405 0.1172E 04 C.1023E~04 0.210 -0.C0C3 -0.0124 0.28C0
0.Cl42 C.1l68C C.2B75E C4 0.1688 0.1160E C4 C.1013E-C4 0.253 €.C002 €.0035 0.3360
0.C194 C.1960 0.3363E C4 C.1973 0.1145E 04 ~«1001E~04 0.296 0.C007 0.0226 0.3920
0.C254 C.2240 C.3856E 04 C.2259 0.1127€ C4 C.S874E~0C5 0.340 0.C013 0.0449 0.4480
0.C322 Cc.252¢C 0.4353E 04 0.2547 0.1107€ 04 C.9719E-05 0.384 0.Co020 0.0706 0.5040
0.C4CC c.280C C.4855E C4 c.2838 0.1085E 04 C.9545E~CS 0.429 c.C027 0.0998 0.56C0
0.C48¢ c.3cac 0.5363E C4 0.3131 0.1C60E 04 0.$353E-05 0.474 0.Cc3% C.1327 0.6140
0.C581 C.32360 0.5891E C4 0.3426 0.1C34E 04 C.S148E-C5 0.522 0.C042 0.1696 0.6720
0.C686 0.364C 0.6407E C4 0.3726 0.1COSE Q4 C.8919E-CS c.568 0.0053 0.2106 0.7280
0.cs80l C.392¢C 0.€6925E C4 0.40C28 0.9740E 03 C.8&675E~CS C.615 C.C065 C.2559 0.7839
0.C92¢ C.4200 C.7450E C4 0.4335 0.9413€E C3 0.8416E-C5 0.663 0.Cco78 0.3058 0.8369
0.1C61 0.4480 G.7991E Q4 C.4646 0.9C4SE 03 C.8141E-C5 0.712 0.0092 C.3605 0.8959
0.1208 C.476C 0.8539E 04 0.49¢&2 0.8706E 02 0.7852E-05 0.763 0.C1C5 0.4203 0.9519
C.1365 C.504C C.9089E c4 0.5283 0.8331E 02 C.7553€E-05 C.814 c.Cl18 0.4855 1.€079
0.1535 c.532¢C 0.9649E Ca 0.5611 0.7942E 03 0.7239€E-CS 0.8686 0.C135 0.5564 1.0639
0.1718 0.5600 0.1022E 05 C.5945 0.7543E C2 C.6S17E~CS 0.920 0.0149 0.6333 1.1169
0.1912 c.588C C.1079E 05 0.6287 0.7135€ 02 0.£585E~CS 0.974 0.0166 0.7166 1.1759
0.2123 C.616C 0.1137E €5 0.6€36 0.6726E 03 C.6251E-C5S 1.03¢C c.Cl8C C.8C65 1.2319
0.2347 C.644C 0.1195E €5 0.6565 0.6313E C2 C.5910E-C5 1.086 0.0199 0.9034 1.2879
FIELD CATA SCNIC LINE
x8 YB v THETA P RHO M PSI X8 YB
FT/SEC RAC LB/SC FT SLUG/CU FT
0.2202 C.6261 0-1158E 05 0.8395 0.6577€ C2 Q.6129E-CS 1.05¢ C. -0.0150 0.2669
0.2156 C.6291 C.1263E C5 0.8935 0.6624E Q2 C.6256E-05 1.151 C.2164E-C3 -0.0020 0.2938
0.2112 C.6333 C.1366E (5 0.8896 0.6680E 03 0.6399E~-05 1.253 C.4583E-C3 0.0121 0.32C0
0.2C67 C.6368 C.1473E CS C.8862 0.6741E C3 C.€6560E-C5 1.359 €C.7233E-C3 0.0278 0.3487
0.2C23 C.64C3 0.1582E 05 0.8836 0.6812€ 03 0.6744E-C5 1.471 C.1017E-02 0.0451 0.3796
0.1578 0.6439 0.1694E 05 0.8816 0.6893E 03 C.6954E~05 1.588 0.1342E-C2 0.0639 0.4122
0.1934 0.6474 0.1809E 05 0.8801 0.6986E 03 C.7194E~-05 1.711 0.1703E-02 0.0842 0.4453
0.1890 €.6509 0.1927E C5 0.8789 0.7091E C3 C.7468E~C5 1.84C C.21C2E~Q2 0.1054 0.4779
0.1846 0.6544 0.2048E 05 0.8780 0.7210E 02 0.7784E-05 1.978 C.2546E-02 0.1271 0.5052
0.1802 0.6579 0.2173E 05 €.8773 0.7345€ 03 0.8151€E-05 2.124 0.3040E-02 0.1489 0.5386
0.1758 0.6614 0.2300E C5 0.8768 0.7498BE 03 C.8581E-05 2.281 C.3590E~C2 0.1704 0.5656
0.1714 C.6648 0.2431E ©S 0.8763 Q0.7673E 03 0.9C92E-0S 2.451 C.4207€-02 0.1914 0.59C3
0.1671 €.6683 C.2565E €5 0.8759 0.7872E 03 0.9704E-05 2.635 C.49C2€~02 0.2009 0.6011
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TABLE IT.- REAT-GAS SOLUTIONS FOR AIR - CONTINUED
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ALTITUBE = 250,000 FT VELQCITY = 10,CCC FT/SEC
BOCY DATA
1
XB Y8 v PHI P RHO M HT ERROR
FT/SEC RAC LB/SC FT SLUG/CU FT
0. 0. 0. 0. 0.7418E 01 0.8194E-06 a. 0.C000
0.0003 0.0247 0.1147€ 03 0.0247 0.7413€ 01 0.8188E-06 0.036 0.0000
0.0013 0.04%94 0.2295E 03 0.0494 0.7397€ 01 0.8173E-06 C.072 0.C000
0.0028 0.0741 0.3444E 03 0.0742 0.7370E 01 0.8146E-06 0.108 0.co000
0.0049 c.0988 0.4596E 03 0.0890 0.7332E 0l C.B8109E-06 0.144 0.0000
0.0077 0.1235 0.5752€ 03 0.1238 0.7284E 0l 0.8062E-06 0.180 0.0000
0.0111 0.1482 0.6912E 03 0.1488 0.7225E Ol 0.8003E-06 0.217 0.0000
0.0151 0.1729 0.8076E 03 0.1738 0.7155E 01 0.7935E-06 0.253 0.000C
0.0197 0.1976 0.9245%E 03 0.1989 0.7075€E Ol C.7856E—-06 €.290 0.0000
0.0250 0.2223 0.1042E 04 0.2242 0.6985E 01 0.7767E-Cé 0.328 0.0000
0.0310C 0.2470 0.1160E 04 0.2496 0.6884E Ol 0.7667E-06 0.365 -0.0000
0.0376 0.2717 0.1279€ 04 0.2752 0.6773E 01 0.7558E~06 0.403 -0.0000
0.0450 0.2964 0.1399€ 04 0.3010 0.6653E 0Ol 0.7438E-06 C.441 0.0000
0.0530 0.3211 0.1524E 04 0.3269 0.6523E 0Ol 0.7309E-06 0.481 0.0001
0.C617 0.3459 0.1645E 04 0.3531 0.6383E 01 0.7169€E-06 0.520 0.0001
0.0712 0.3706 0.1766E 04 0.3796 0.6234E 01l 0.7020E-06 0.559 0.0001
0.0814 0.3953 0.1889E 04 0.4064 0.6076E O1 0.£862E-CE 0.599 0.C000
0.0925 0.4200 0.2015E O4 0.4334 0.5909E 01 0.6693E-06 0.640 -0.0000
0.1043 0.4447 0.2145E 04 0.4608 0.5734E 01 0.6516E-06 0.682 0.0001
0.1L70 0.4694 0.2274E 04 0.4886 0.5550€ 01l 0.6330E-06 0.724 -0.C000
0.1306 0.4941 0.2403E 04 0.5168 0.5360E Ol 0.6137E-06 C.767 -0.c002
0.1451 0.5188 0.2535E 04 0.5454 0.5164E 01 0.5936E-06 0.811 -0.0003
0.1606 0.5435 0.2669E 04 0.5746 0.4960E 01 0.5728E-06 0.856 -0.0004
0.1771 0.5682 0.2805E 04 0.6043 0.4751E 01 0.5512E-06 0.902 -0.0007
0.1947 0.5929 0.2945E 04 0.6346 0.4532E 01 0.5285E-C6 0.949 -0.C007
0.2135 0.6176 0.3089E 04 0.6657 0.4309E 01 0.5053E-06 0.998 -0.0011
0.2335 0.6423 0.3239E 04 0.69175 0.4075E 0Ol 0.4807E-06 1.050 -0.0013
0.2550 0.6670 0.3394E 04 0.7302 0.3835E 0Ol 0.4554E-06 L.104 -0.6017
FIELD DATA
XB Y8 v THETA 4 RHO M PSI
FT/SEC RAC LB/SQ FT SLUG/CU FT

0.2335 0.6423 0.3239E 04 0.8729 0.4075E 01 0.4808E-06 1.050 0.
0.2222 0.6517 0.3492E 04 0.8595 0.4155E 01 0.4942E-06 1.136 0.1025E-04
0.2147 0.6581 0.3666E 04 0.8523 0.4211E 01 0.5038E-06 1.196 0.1783E-04
0.2071 0.6644 0.3843E 04 0.B461 0.4269E 01 0.5140E-06 1.257 0.2599E-04
0.1996 0.6707 0.4021E 04 0.8409 0.4329E 01 0.5248€E-06 1.319 0.3477E-04
0.1921 0.6770 0.4201E 04 0.8364 0.4392€ 01 0.5362E-06 1.382 0.4419E-04
0.1846 0.6833 0.4382E 04 0.8325 0.4457€ 01 0.5483E-06 1.447 0.5431E-04
0.1772 0.6896 0.4564E 04 0.8290 0.4524E Ol 0.5609E-06 1.511 0.6515E-04
0.1697 0.6958 0.4746E 04 0.8260 0.4594E 01 0.5743E~06 1.577 0.7676E-04
0.1623 0.7020 0.4928E 04 0.8231 0.4665E 01 0.5884E-06 1.643 0.8918E-04
0.1550 0.7082 0.5109€ 04 0.8204 0.4738E 01 0.6035E-06 1.709 0.1025E-03
0.1476 0.7144 0.5289E 04 ¢.8178 0.4812E 01 0.6199E-06 1.776 0.1166E-03
0.1403 0.7205 0.5467E 04 0.8152 0.4887¢ 01 0.6373E-06 1.844 0.1318E-03

SHOCK SHAPE
xB YB
-0.0796 0.
-0.0786 0.0494
~0.0756 0.0988
-0.0707 0.1482
-0.0637 0.1976
~0.0547 0.2470
-0.0437 0.2964
-0.0306 0.3459
-0.0154 0.3953
0.0019 0.64467
0.0214 0.4941
0.0432 0.5435
0.0672 0.5929
0.0936 0.6423
0.1224 0.6917
0.1537 0.7411
0.1874 0.79¢C5
0.2238 0.8399
0.2629 0.8893
0.3047 0.9387
0.3494 0.9881
0.3969 1.0376
0.4475 1.0870
0.5012 1.1364
0.5580 1.1858
0.6182 1.2352
0.6817 1.2846
0.7486 1.3340
SONIC LINE
X8 Y8
-0.0229 0.3718
~0.0041 0.3955
0.0151 0.4191
0.0348 0.4427
0.0549 0.4660
0.0753 0.4888
0.0959 0.5110
0.1165 0.5323
0.1371 0.5526
0.1574 0.5715
0.1774 0.5890
0.1968 0.6050
0.2157 0.6197




TALBE II.- REAL-GAS SOLUTIONS FOR AIR - CONTINUED

ALTITUCE = 250,000 FT VELOCITY = 15,000 F¥/SEC
BOCY DATA SHOCK SHAPE
X8 YB v PHI1 P RHO M HT ERROR X8 Y8
FT/SEC RAC LB/SC FT SLUG/CU FT
0. 0. 0. 0. | 0.1677€ 02 0.9717€E-06 Q. 0.0006 -0.0659 0.
0.0003 0.0236 0.1532E 03 0.0236 0.1676E 02 0.9711E-06 0.034 0.0006 -0.0649 0.0472
0.C0l1 0.0472 0.3063E G3 0.0472 0.1673E 02 0.9694E-06 0.069 0.0006 -0.0621 0.0943
0.0025 0.0707 0.4599E 03 0.0708 0.1667E 02 0.9664E-06 0.104 0.C006 —-0.0573 0.1415
0.0044 0.0943 0.6142E C3 0.0945 0.1659E 02 0.9623E-06 0.138 0.0006 -0.0507 0.1886
0.0C69 0.1179 0.7691E 03 0.1182 0.1649E 02 0.9571E~06 0.173 0.0005 -0.0421 0.2358
0.010C 0.1415 0.9248E 03 0.1419 0.1636E 02 0.9508E-06 0.209 0.0003 -0.0314 0.2829
0.0136 0.1651 0.1082E 04 0.1658 0.1621E 02 0.9434E-06 0.244 -0.0002 -0.0188 0.3301
0.Cl78 C.1886 0.1240E 04 0.1897 0.1604E 02 0.9348E-C6 0.280 -0.0007 -0.0040 0.3713
0.C226 0.2122 0.1400€ 04 0.2138 0.1584E 02 0.9246E-06 0.316 ~-0.0005 0.0129 0.4244
0.0281 0.2358 0.1562€ 04 0.2380 0.1562E 02 0.9127E-06 0.353 0.0005 0.0321 0.4716
0.C341 0.2594 0.1724E 04 0.2623 0.1538E 02 0.8996E-06 0.390 0.0016 0.0535 0.5187
0.0407 C.2829 0.1886E 04 0.2868 0.1512E 02 0.8861E-0C6 0.427 0.C011 0.0774 0.5659
0.0480 0.3065 0.2048BE 04 0.3115 0.1483E 02 0.8729E-06 0.465 -0.0018 0.1037 0.6131
0.0560 0.3301 0.2203€ 04 0.3364 0.1453E 02 0.8633E-06 0.502 -0.0132 0.1327 0.6602
0.0647 0.3537 0.2370E 04 0.3615 0.1420E 02 0.8460E-06 0.540 -0.0127 0.1643 0.7074
0.0740 0.37173 0.2536E 04 0.3869 0.1386E 02 0.8278E-06 0.579 -0.0120 0.1988 0.7545
0.0841 0.4008 0.2707E 04 0.4125 0.1350€ 02 0.8087€E-06 0.619 -0.01195 0.2362 0.8017
0.C949 0.4244 0.2885E 04 0.4385 0.13138 02 0.1788B3E-06 0.660 -0.0097 0.2766 0.8488
0.1063 0.4480 0.3076E 04 0.4647 0.1275E 02 0.7689E-06 0.705 -0.0107 0.3203 0.8960
0.1186 0.4716 0.3242E 04 0.4913 0.1235€E 02 0.7477E-06 0.1745 -0.0106 0.3673 0.9432
0.1317 0.4952 0.3414E 04 0.5183 0.1193E 02 0.7244€E-06 0.785 -0.0086 0.4178 0.9903
0.1456 0.5187 0.3591E 04 0.5456 0.1150€E 02 0.6985E-06 0.826 -0.0034 0.4718 L.0375
0.1603 0.5423 0.3784E 04 0.5734 0.1104E 02 0.6683E-06 0.870 0.0088 0.5297 1.0846
0.1759 0.5659 0.3974E 04 0.6017 0.1055E 02 0.6427E-06 0.916 0.C075 0.5915 1.1318
0.1924 0.5895 0.4173€ 04 0.6306 0.1004E 02 0.6156E-06 0.965 0.0069 0.6574 1.1789
0.2100 0.6131 0.4378E 04 0.6600 0.9512E 01 0.5874E-06 1.015 0.0059 0.7276 1.2261
0.2288 0.6366 0.4586E 04 0.6901 0.8970E 01 0.5585E-06 1.067 0.0042 0.8021 1.2733
FIELD DATA SONIC LINE
XB Ye v THETA P RHO M PS1 X8 Y8
FT/SEC RAD L8,/SQ FT SLUG/CU FT
0.2224 0.6288 0.4516E 04 0.8936 0.9152E 0Ol 0.5682€E-06 1.050 0. ~0.0193 0.3282
0.2175 0.6328 0.4717E O4 0.8873 0.9228E Ol 0.5795E~-06 1.101 0.7559E-05 -0.0028 0.3524
0.2113 0.6378 0.5000E 04 0.8806 0.9333E 01 0.5932E-06 1.171 0.1793E-04 0.01l47 0.3777
0.2051 0.6427 0.5304E 04 0.8752 0.9445E 01l 0.6063E-06 l.245 0.2926E-04 0.0331 0.4040
0.1989 0.6471 0.5612€ 04 0.8707 0.9565E Q1 0.6212E-06 1.322 0.4158E~-04 0.0526 0.4311
0.1928 0.6527 0.5928E 04 0.8671 0.9696E 01 0.6387E-06 1.401 0.5501E-04 0.0729 0.4586
0.1867 0.6576 0.6251E 04 0.8640 0.9836E 01 0.6596E-06 1.485 0.6968E~-04 0.0941 0.4863
0.1805 0.6625 0.6584E 04 0.8615 0.9988E 01 0.6852E-06 1.573 0.8575€E-04 0.1158 0.5131
0.1744 0.6674 0.6926E 04 0.8592 0.1015E 02 0.7163E-06 l1.668 0.1035€E-03 0.1374 0.5385
0.1684 0.6723 0.7283E 04 0.8572 0.1034€ 02 0.7543E-06 1.772 C.1231E-03 0.1589 0.5623
0.1623 0.6772 0.7655E 04 0.8553 0.1054E 02 0.8010E-06 1.890 0.1450E-03 0.1794 0.5830
0.1563 0.6820 0.8047E 0O4 0.8535 0.1076E 02 0.8546E-06 2.024 0.1696E-03 0.1986 0.6007
0.1502 0.6869 0.8457E 04 0.8517 0.1100E 02 0.9104E-06 2.184 0.1973E-03 0.2046 0.6060
P Bt USSR F AU i S PN Biin g
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TABLE II.- REAL-GAS SOLUTIONS FOR AIR - CONTINUED
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ALTITUDE = 250,000 FT VELOCITY = 20,0CC FT/SEC
BOCY DATA SHOCK SHAPE
XB Y8 v PHI P RHO M HT ERROR x8 Y8
FT/SEC RAT LB/SQ FT SLUG/CU FT
0. 0. 0. 0. 0.3007E 02 C.1248E-05 C. 0.0002 -0.0514 0.
0.0003 0.0229 0.1768E 03 0.0229 0.3005E 02 0.1247E-05 0.034 0.0002 -0.0505 0.0458
0.C011 0.0458 0.3534E 03 0.0458 0.2999t 02 0.1245E-05 0.068 0.6002 -0.0478 0.0916
0.C024 0.0687 0.5303E 03 0.0687 0.2989E 02 0.1241E-05 0.102 0.0002 -0.0432 0.1373
0.0C42 C.0916 0.7079E 03 0.0917 0.2975E 02 0.1236E-05 C.137 c.co02 -0.0367 0.1831
0.0C66 0.1145 0.8B62E 03 0.1147 0.2958E 02 0.1230E-05 0.171 0.0001 -0.0284 0.2289
0.C095 0.1373 0.1065E 04 0.1378 0.2936E 02 0.1222E-05 0.206 0.0001 -0.0181 0.2747
0.0l129 0.1602 0.1245E 04 0.1609 0.2911E 02 0.1212E-05 0.240 0.C000 -C.0059 0.32C5
0.0169 C.1831 0.1426E C4 0.1842 0.2882E 02 0.1201E-CS C.275 ~0.€000 0.0083 0.3663
0.0214 0.2060 0.1607E 04 0.2075 0.2849E 02 0.1189E~05 0.311 -0.0001 0.0246 0.4120
0.C265 0.2289 0.1790E 04 0.2310 0.2812E 02 0.1175€E-05 0.346 -0.0002 0.0430 0.4578
0.0322 0.2518 0.1974E 04 0.2545 0.2772€ 02 0.1160E-05 0.382 -0.C003 0.04635 0.5036
0.0385 0.2747 0.2160E 04 0.2783 0.2728E 02 0. 1144E-05 0.419 -0.C004 0.0863 0.5494
0.0453 0.2976 0.2347E 04 0.3022 0.2680E C2 0.1126E-05 0.455 -0.0005 0.1113 0.5952
0.0527 0.3205 0.2540E 04 0.3262 0.2629E 02 0.1106E-05 0.493 -0.0005 0.1388 0.6410
0.0608 0.3434 0.2729E 04 0.3505 0.2573€ 02 0.1086E-05 0.531 -0.0006 0.1688 0.6867
0.C695 0.3663 0.2919E 04 0.3750 0.2515€E 02 0.1063E-C5 0.568 -0.0007 0.2013 0.7325
0.61789 0.3892 0.3110E 04 0.3997 0.2454E 02 0.1040E-05 0.606 -0.0008 0.2365 0.7783
0.0889 0.4120 0.3305E 04 0.4247 0.2389E 02 0.1015E-05 0.645 -0.0010 0.2745 0.8241
0.0996 0.4349 0.3506E 04 0.4500 0.2321E& 02 0.9895E-06 0.686 -0.0010 0.3153 0.8699
0.1111 0.4578 0.3707€ 04 0.4756 0.2250E 02 0.9624E-06 0.726 -0.Cc012 0.3591 0.9156
0.1233 0.4807 0.3909E 04 0.5015 0.2177€E 02 0.9343E-06 0.767 -0.0015 0.4061 0.9614
0.1362 0.5036 0.4114E G4 0.5278 0.2101l€E 02 0.9C50E-06 0.809 -0.0017 0.4563 1.0072
0.1500 0.5265 0.4322E 04 0.5546 0.2023E 02 0.8748E-06 0.851 -0.C019 0.5098 1.0530
0.1646 0.5494 0.4532E 04 0.5817 0.1943E 02 0.8438E-06 0.895 ~-0.0022 0.5669 1.0988
0.1801 0.5723 0.4745E 04 0.6094 0.1861E 02 0.8116E-06 0.939 -0.0023 0.6276 l.1446
0.1965 0.5952 0.4962E 04 0.63175 0.1778E 02 0.7789E-06 0.984 -0.0026 0.6920 1.1903
0.2139 0.6181 0.5183E 04 0.6663 0.1692E 02 0.7451E-06 1.031 -0.0028 0.7604 1.2361
0.2324 0.6410 0.5407E 04 0.6957 0.1606E 02 0.7110E-06 1.078 -C.C0032 0.8329 1.2819
FIELD CATA SONIC LINE
X8 Y8 v THETA P RHO M PSI X8 Y8
FT/SEC RAC LB/SQ FT SLUG/CU FT
0.2213 0.6274 0.5274E 04 0.8952 0.1657E 02 0.7312E-06 1.050 C. -0.0159 0.2836
0.2138 0.6334 0.5966E 04 0.8865 0.1678E 02 0.7485E-06 1.194 0.1922E-04 -0.0024 0.3071
0.2039C 0.6373 0.6419E 04 0.8824 0.1694E 02 0.7615E-06 1.290 0.3328E-04 0.0122 0.3325
0.2041 0.6412 0.6878E 04 0.8792 0.1712€ 02 0.7761E-06 1.388 0.4870E-04 0.0279 0.3598
0.1993 C.6450 0.7341E 04 0.8767 0.1732E 02 0.7925E-06 1.488 C.6559E-04 0.0450 0.3887
0.1945 0.6489 0.7809E 04 0.8747 0.1754E 02 0.8109E-06 1.591 0.8405E-04 0:+0633 0.4186
0.1897 0.6527 0.8281E 04 0.8732 0.1778E 02 0.8316E-06 1.697 0.1042E-03 0.0827 0.4489
0.1850 0.6565 0.8758E 04 0.8720 0.1805E 02 0.8546E-06 1.805 0.1262E-03 0.1028 0.4787
0.1802 0.6604 0.9238E G4 0.8711 0.1835E 02 0.8805E-06 1.917 C.1501€-03 0.1233 0.5075
0.1754 0.6642 0.9722E 04 0.8703 0.1867E 02 0.9094E-06 2.031 0.1763E-03 0.1438 0.5346
0.1707 0.6680 0.1021E ©5 0.8697 0.1903E& 02 0.9419E-06 2.149 0.2048E-03 0.1642 0.5598
0.1660 0.6718 0.1070E 05 0.8691 0.1942E 02 0.9786E-06 2.270 0.2359€E-03 0.1841 0.5830
0.1612 C.6756 0.1118E G5 0.8685 0.1984E 02 0.1020E-05 2.395 C.2659E-03 0.2023 0.6030 J




TABLE II.- REAL-GAS SOLUTIONS FOR AIR - CONTINUED

ALTIVUDE = 250,C00 FT VELOCITY = 25,00C FT/SEC
BOCY DATA SHOCK SHAPE
I
XB Y8 v PHI P RHO M HT ERROR XB Yo
FT/SEC RAD LB/SC FT SLUG/CU FT
0. 0. 0. 0. 0.4718E 02 0.1460E-05 0. 0.0002 -0.0437 0.

0.C003 0.0223 0.2009E 03 0.0223 0.4715€ 02 0.1460E-05 0.033 0.0002 -0.0429 0.0446
0.0010 0.0446 0.4015E 03 0.0446 0.4T06E 02 0.1457E-05 0.066 0.C002 -0.0402 0.0892
0.0022 C.0669 0.6025E 03 0.0670 0.4691E 02 0.1453E-CS 0.100 0.£002 -0.0357 0.1338
0.C040 0.0892 0.8042E 03 0.08%4 0.4671E 02 0.1447€E-05 0.133 0.0001 ~0.0294 0.1785
0.C062 0.1115 0.1007€E 04 0.1118 0.4644E 02 0.1440E-05 0.167 0.0001 -0.0213 0.2231
0.C090 0.1338 0.1210E 04 0.1343 0.4612E 02 0.1431E-05 0.200 0.0001 -0.0112 0.2677
0.0123 0.1562 0.1414E 04 0.1568 0.4573E 02 0.1421E-05 0.234 0.C000 0.0007 0.3123
0.0160 0.1785 0.1620E 04 0.1794 0.4529E 02 0.1409E-05 0.269 -0.0001 0.0146 0.3569
0.0203 0.2008 0.1826E 04 0.2021 0.4479E 02 0.1395€E-05 0.303 -0.0002 0.0305 0.4015
0.0252 0.2231 0.2034E 04 0.2250 0.4424E 02 0.1380E-05 0.338 -0.0003 0.0484 0.4462
0.C306 0.2454 0.2243E 04 0.2479 0.4362E 02 0.1363E-05 0.373 -0.C004 0.0686 0.4908
0.0365 c.2677 0.2454E 04 0.2710 0.4295E 02 0.1344E-05 0.408 -0.0004 0.09C9 0.5354
0.0430 0.2900 0.2666E 04 0.2942 0.4223E 02 0.1324E-05 0.444 -0.C004 0.1155 0.580C0
0.0500 0.3123 0.2884E 04 0.3176 0.4145E 02 0.1302E-05 0.481 -0.0001 0.1425 0.6246
0.0577 C.3346 0.3100E 04 0.3412 0.4061E 02 0.1279E-05 0.518 -0.C003 0.1719 0.6652
,| 0.0659 0.3569 0.3315E 04 0.3650 0.3972€ 02 0.1254E-05 0.554 -0.C005 0.2039 0.7139
0.0748 0.3792 0.3532E 04 0.3890 0.3879E 02 0.1228E-05 0.592 -0.0007 0.2386 0.7585
0.0842 0.4015 0.3753E 04 0.4132 0.3780E 02 0.1200E-05 0.630 -0.0012 0.2760 0.8031
0.0944 0.4239 0.3979E 04 0.4377 0.3677€ 02 0.1172E-05 0.669 -0.C016 C.3164 0.8477
0.1052 0.4462 0.4211E 04 0.4625 0.3570E 02 0.1142E-05 0.709 -0.0020 0.3597 0.8923
0.1167 0.4685 0.4440E 04 0.4876 0.3458E 02 0.1110£~-05 0.749 -0.0021 0.4062 0.9369
0.1289 0.4908 0.4671E 04 0.5131 0.3342E 02 0.1077E-05 0.790 -0.€022 0.4560 0.9816
0.1418 0.5131 0.4905€E 04 0.5389 0.3223E 02 0.1042E-05 0.831 -0.0021 0.5092 1.0262
0.1556 C.5354 0.5143E 04 0.5651 0.3100E 02 0.1007E-05 0.874 -0.0023 0.5659 1.0708
0.1702 0.5577 0.5383E 04 0.5917 0.2975E 02 0.9707E-06 0.917 -0.0024 0.6264 1.1154
0.1855 0.5800 0.5627E 04 0.6188 0.2847E 02 0.9330E-06 0.961 ~-0.0020 0.6907 1.1600
0.2018 0.6023 0.5875E 04 0.6465 0.2717E 02 0.8951E-06 1.006 -0.0023 0.7590 1.2046
0.2191 0.6246 0.6127€E 04 0.6747 0.2584E 02 0.8559E-06 1.052 -0.0022 0.8314 1.2493

FIELD CATA SONIC LINE

X8 Y8 v THETA [ RHO M PSSl XxB Y8

FT/SEC RAD LB/SQ FT SLUG/CU FT

0.2183 0.6236 0.6115E 04 0.9006 0.2590E 02 0.8577E-C6 1.050 0. -0.0137 0.2577
0.2125 0.6282 0.6960E 04 0.8939 0.2616E 02 0.8770E-06 1.203 0.2102E-04 | -0.0017 0.2809
0.2084 0.6314 0.7567E 04 0.8906 0.2638E 02 0.8932E-06 1.315 0.3801E-04 0.0114 0.3067
0.2043 0.6347 0.8184E 04 0.8880 0.2663E 02 0.9118E-06 1.431 C.5685E-04 0.0260 0.3351
0.2002 0.6379 0.8810E 04 0.8862 0.2692E 02 0,9329E-06 1.550 C.7768E-04 0.0423 0.3660
0.1962 0.6411 0.9445E 04 0.8848 0.2725¢& 02 0.9569E-06 1.673 0.1007E-03 0.0602 0.3987
0.1921 0.6443 0.1009E 05 0.8838 0.2762E 02 0.9842E-06 1.801 0.1260E-03 0.0796 0.4323
0.1881 0.64175 0.1074€ C5 0.8831 0.2804E 02 0.1015E-05 1.933 C.1539E-03 0.1001 0.4656
0.1840 0.6507 0.1l41E 05 0.8826 0.2852E 02 0.1050E-05 2.070 0.1847E-03 0.1211 0.4976
0.1800 0.6539 0.1208E 05 0.8823 0.2905E 02 0.1090E-05 2.213 0.2186E-03 0.1423 0.52176
0.1760 0.6571 0.1276E 05 0.8821 0.2965E 02 0.1135€E-05 2.361 0.2559E-03 0.1632 0.5553
0.1720 0.6603 0.1344E 05 0.8819 0.3032€ 02 0.1186E-05 | 2.514 C.2971E-03 0.1836 0.5807
0.1680 0.6635 0.1413E 05 0.8818 0.3107E 02 0.1245E-05 2.615 0.3427E-03 0.1997 0.5994

67




TABLE IT.- REAL-~-GAS SOLUTIONS FOR AIR - CONTINUED

ALTITUDE = 250,000 FT VELOCITY = 30,0CC FT/SEC
BODY DATA SHOCK SHAPE
XB Y8 v PH P RHO M HT ERROR X8 Y8
FT/SEC RAC LB/SQ FT SLUG/CU FT
0. Q. Q. 0. 0.6784E€ 02 0.1402E~-05 0. -0.0000 -0.0441 0.
0.CC04 Q.0270 0.3017E 03 0.0270 0.6778E 02 0.1401E-05 0.039 -0.C000 -0.,0428 0.0540
0.001L15 C.0540 0.6029E C3 0.0540 0.6759E €2 0.1398E-05 €.078 -0.C000 -0.0387 Q.1080
0.0033 0.0810 0.9045E 03 0.0811 Q.6727E 02 0.1393E~-05 0.118 -0.0000 -0.0319 0.1620
0.C059 0.1080 0.1207€E 04 0.1082 0.6682E 02 0. 1385E-05 0.157 0.0001L —-0.0224 0.21¢0
0.0092 C.1350 0.1511E C4 0.1354 0.6625E 02 Q.1375E~-05% C.197 0.0001 -0.0100 0.217C0
0.0133 0.1620 0.1815E C4 0.1627 0.6556E 02 0.1363E-05 0.237 0.C002 0.0053 0.3239
0.0181 0.1890 0.2120E 04 0.1901 0.6474E 02 0. 1350E-05 0.277 0.0000 0.0236 0.3779
0.0237 0.2160 0.2426E 04 0.2177 0.6381E 02 0.1334E~-05 0.317 -0.0002 0.0449 044319
0.0300 0.2430 0.2736E 04 0.2454 0.6274E 02 0.1316E-05 0.359 -0.C003 0.0694 0.4859
0.0372 0.2700 0.3050E 04 0.2734 0.6156E 02 0. 1295E-CS 0.400 0.0001 0.0973 0.5399
0.0452 C.2969 0.3369E 04 0.3015 0.6025E 02 0.1272€E-05 0.443 0.0007 0.1286 0.5939
0.0540 0.3239 0.3691E 04 0.3299 0.5881E 02 0.1246E-05 0.486 0.0012 0.1636 0.6479
0.0636 0.3509 0.4016E 04 0.3586 0.5725E 02 0.1220E-05 0.531 0.0010 0.2023 0.7019
0.0742 0.3779 C.4353E C4 0.3876 0.5559E 02 0.1192E-05 0.517 0.C003 C.2451 0.7559
0.08517 C.4049 0.4681F C4 0.4169 0.5382¢€ 02 0.l161E-05 0.623 0.6007 0.2920 0.8099
0.0982 0.4319 0.5009%E 04 O.4467 0.5197E 02 0.1128E-05 0.669 0.0010 0.3433 0.8639
0.1117 C.4589 0.5340F 04 0.4769 0.5004€ 02 0.1093E-05 0.716 0.0013 0.3992 0.9178
0.1262 0.4859 0.5680E 04 0.5075 0.4803E 02 0.1058E~-05 0.765 C.COl4 C.4600 0.9718
0.1418 C.5129 0.6022E 04 0.5387 0.4595E 02 0.1020E-05 0.814 0.0019 0.5259 1.0258
0.1586 0.5399 0.6364E 04 0.5705% 0.4382E 02 0.9805E-06 0.864 0.0026 0.5972 1.07G8
0.1765 0.5669 0.67TL7E 04 0.6029 0.4164E 02 0.9391E-06 0.916 0.0038 0.6741 1.1338
0.1957 0.5939 0.7068E 04 0.6361 0.3942E 02 0.8977E-06 0.969 0.C044% 0.7569 1.1878
0.2162 0.6209 0.742BE 04 0.6699 0.3716E 02 0.8536E-06 1.023 0.0062 0.8459 1.2418
D.2381 0.6479 0.7786E 04 0.7047 0.3489E 02 0.8107E-06 1.079 0.0068
FIELD DATA SONIC LINE
XB Y8 v THETA P RHO M PSI X8 YR
FT/SEC RAC LB/SQ FY 1 SLUG/CU FT

0.2265 0.6338 0.7599E 04 0.8901 0.3607E 02 0.8329E-06 1.050 Q. -0.0130 0.25178
0.2198 0.6392 0.8783E 04 0.8826 0.3652E 02 0.8745E-06 1.239 0.327T7E-04 —-0.0005 0.2826
0.2158 C.6425 0.9528E 04 0.8796 0.3685€E 02 0.9046E-06 l.364 0.5591E-04 0.0136 0.3105
0.2118 Q.6457 0.1030E 05 0.87173 0.3724E 02 0.9392E-06 1.500 0.8196E-04 0.0297 0.3419
0.2078 0.6490 0.1111E 05 0.8757 0.3769E 02 0.9779E-06 1.646 0.1113E~-03 0.0478 0.3764
0.2038 0.6522 0.1194E 05 0.8747 0.3822E 02 0.1020E-05 1.802 C.1443E-0Q3 0.0681 0.4129
0.1998 C.6554 0.128B1E 05 0.8740 0.3884E 02 0.1066E-C5 1.966 C.1814E-03 0.0901 0.4502
0.1958 0.6586 0.1370E 05 0.8737 0.3955E 02 0.1116E-05 2.141 0.2231E-03 0.1133 0.4866
0.1919 0.6619 0.1462E 0S5 0.8736 0.4038E 02 0.1173E-08% 2.325 0.2699%E-03 0.1368 0.5209
Q.1879 Q0.6651 0.1555E 0% 0.8737 0.4134E 02 0.1239E-05 2.522 0.3226E-03 0.1601 0.5524
0.1840 C.6683 0.1650E 05 0.8740 0.4244E 02 0.1316E-05 2.731 C.3821lE-03 0.1829 0.58C9
0.1800 C.6715 0.1747E 05 0.8742 0.4372E 02 0. 1406E-05 2.951 Q.4494E-03 0.2049 0.6067
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TABLE IT.- REAL-GAS SOLUTIONS FOR AIR - CONTINUED

ALTITUDE = 250,000 FT VELOCITY = 35,000 FT/SEC
80DY DATA SHOCK SHAPE
XxB YB v PHI P RHO M HT ERROR X8 YB
FT/SEC RAC L8/SQ FT SLUG/CU FT
0. O. 0. 0. 0.9223€ 02 0.1354£-05 0. 0.0000 ~0.0468 0.
0.0004 0.0279 0.3651E 03 0.0279 0.9214E 02 0.1353E-05 0.041 0.0004Q -0.0454 0.0558
0.001¢ 0.0558 0.7302E 03 0.0558 0.9186E 02 0.1350E~-05 0.083 0.0000 -0.0412 0.1116
0.0035 0.0837 0.1097E 04 0.0838 0.9141E 02 0.1344E-05 0.124 0.0001 -0.0342 0.1674
0.C062 0.1116 0.1465E 04 0.1118 0.9078E 02 0.1336E-05 0.166 0.0000 ~0.0243 0.2232
0.C097 0.1395 0.1837E 04 0.1399 0.8996E 02 0. 1325E-05 0.208 -0.€000 -0.0114 0.2750
0.0141 0.1674 0.2212€ 04 0.1682 0.8896E 02 0.1313E-05 €.251 ~-0.C001 0.0046 0.3348
0.0192 €.1953 0.2590E 04 0.1965 0.8778E 02 0.1297€-05 0.2%94 -0.0001 0.0237 0.3906
0.0252 0.2232 0.2971E 04 0.2251 0.8641E 02 0.1280E-05 0.338 0.0001 0.0461 0.4464
0.0320 0.2511 0.3355E 04 0.2538 0.8487€ 02 0.1259E-05 0.382 0.0005 0.0720 0.5022
0.0397 0.2790 0.3741E 04 0.2827 0.8314E 02 0.1237E-05 0.426 C.CCo6 0.1016 0.5580
0.0483 0.3C69 0.4132E 04 0.3119 0.8125E 02 0.1212E-05 0.471 0.0003 0.1350 0.6138
0.0578 0.3348 0.4535E 04 0.3414 0.7919€ 02 0.1186E-05 0.519 -0.0001 0.1725 0.6696
0.0682 0.3627 0.4936E 04 0.3712 0.7695E 02 0.1157E-05 0.566 ~0.C000 0.2143 0.7254
0.0797 0.3906 0.5335E O4 0.4014 0.7458E 02 0.1126€-05 0.613 -0.C000 0.2606 0.7812
0.0921 C.4185 0.5737€ 04 0.4319 0.7209E 02 0.1093E-05 0.660 -0.0002 0.3118 0.8370
0.1056 O.4464 0.6138E 04 0.4629 0.6948E 02 0.1059E-05 0.708 -0.0007 0.3681 0.8924
0.1201 0.4743 0.6544E 04 0.4944 0.6678E 02 0-1023E-05 0.757 -0.C005 0.4298 0.9486
Q.1358 0.5022 0.6955E 04 0.5264 0.6337€ 02 0.9850E-06 0.807 ~0.C003 0.4974 1.0044
0.1526 0.5301 0.7377E C4 0.5590 0.6108€ 02 0.9455E-06 0.859 ~0.0001 0.5710 1.0602
0.1707 0.5580 0.7809E 04 0.5923 0.5798E 02 0.9036E-06 0.912 0.C003 0.6511 1.1160
0.1900 0.5859 0.8256E 04 0.6262 0.5480E 02 0.8599E-06 0.968 0.0007 0.7380 L1718
0.2106 0.6138 0.8730€E 04 0.6609 0.5145E 02 0.8137E-06 1.027 0.0014 0.8322 1.22175
0.2328 0.6417 0.9221E 04 0.6965 0.4802E 02 0.7660E-06 1.089 0.0022 0.9341) 1.2833
. -
FIELD CATA SONIC LINE
XB {A YB v THETA P RHO M PS1 xB YB
FT/SEC RAD LB/SQ FT SLUG/CU FT
0.2187 0.6242 0.8911E 04 0.9037 0.5018E 02 0.7961E-06 1.050 0. ~0.0145 0.2666
0.2113 0.6300 0.1029E 05 0.8954 0.5086E 02 0.8219E-06 1.221 0.3692E-04 -0.0018 0.2903
0.2070 0.6334 0.1112E 05 0.8921 0.5132€ 02 0.8413E-06 1.326 0.6181E-04 0.0122 0.3166
0.2026 C.6369 0.1197€ 05 0.8896 0.5184E 02 0.8647E-06 1.437 C.8943E-04 0.02717 0.3455
0.1983 0.6403 0.1285E 05 0.8877 0.5244E 02 0.8928E-06 1.553 0.1201€-03 0.0450 0.3767
0.1940 0.6436 0.1375€E 05 0.8863 0.5313E 02 0.9268E-06 1.676 0.1543€E-03 0.0639 0.4098
0.1897 0.6470 0.1469E 035 0.8853 0.5392€ 02 0.9681lE-06 1.808 0.1924E-03 0.0845 0.4437
0.1855 0.6504 0.1567E 05 0.8845 0.5482E 02 0.1019E-05 1.952 C.2352E-03 0.1063 0.4777
0.1812 0.6538 0.1669E 05 0.8838 0.5587E 02 0.1085E-05 2.111 0.2837E-~-03 0.1289 0.51C6
0.1769 0.6571 0.1777E 05 0.8833 0.5708E 02 0.1170E-05 2.302 0.3391€E-03 0.15L7 0.5416
0.1727 0.6605 0.1892E 05 0.6828 0.5851E 02 0.12B6E-05 2.545 C.4034E-C3 0.1742 0.5699
0.1684 0.6638 0.2016E 05 0.8825 L—0-6023E 02 0. 1440E~-05 2.852 0.4798E-03 0.1960 0.5955
) N S, Lo .
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TABLE IT.- REAL-GAS SOLUTIONS FOR AIR - CONTINUED
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KT ERRGR

€.C002

0.€002

0.0002

0.C001

c.Co01

0.C001

0.0000
-0.C001
~-C.C002
-0.0004
~0.0006
-0.C006
-0.C0C5
-0.0006
-0.0009
-0.C012
-G.C012
~-0.C015
-0.€020
-0.C021
-C.C025
-0.0025
-0.0028
-0.C026

PSI

c.

C.2998E-04
C.5728E-04
C.8757E-04
0.1211E-C3
C.1582E-0C3
0.1993E-03
0.2446E-03
0.2950E-03
C.35C9E-C3
C.4132E-03
C.4832E-03

ALTITUDE = 250,000 FT VELGCITY = 40,00C FT/SEC
BODY DATA
XxB Y8 v PHI P RHO M
FT/SEC RAC LB/SC FT SLLG/CU FT
Q. C. C. C. 0.1206E 03 C.1413E-CS C.
0.CCO4 c.c278 0.4082E 03 0.0278 0.1205E 03 0.1412€E-05 0.041
0.CCle6 €.0557 0.8162E 03 0.0557 0.1201E €3 C.1408E-0S c.082
0.C035 €.0835 0.1225E 04 0.08136 0.1195E 03 C.1402E-05 C.1l24
0.CC62 C.l114 0.1637E C4 C.l116 0.1187€E C3 0. 1394E-05 C.165
0.CC97 €.1392 0.2051E 04 0.1397 0.1176E C3 0.1383E-C5 0.207
0.Cl4C c.1670 0.2468E 04 0.1678 0.1164E 03 0.1370E-C5 0.25¢C
0.Cl92 C.1949 C.2887E C4 0.1961 0.1148E 03 0.1354€E-05 0.292
0.C251 C.2227 0.3310E C4 0.2246 0.1131€E C3 C.1336E-05 C.33¢
0.C319 €.2506 0.3737€E 04 0.2533 0.1111E 03 0.1315E-05 0.379
0.C398 C.21784 0.4168E 04 0.2821 0.1088E 03 C.1292€E-C5 0.424
0.C481 0.3Cé63 0.4604E C4 0.3113 0.1064E 03 C.1267E-05 0.469
0.C575 C.3341 0.5059E C4 0.3407 0.1037E C3 C.1239E-05 C.516
C.C67S C.3619 C.5500E C4 0.3704 0.1008E €3 0.1209E-05 0.562
0.C792 C.3898 0.5944E Ca 0.4CC5 0.9777€ Q2 C.1177€E-C5 0.6C8
0.C9l¢ 0.4176 0.€393E C4 0.43C9 0.9451E 02 0.1143E-05 0.656
C.1C5C C.4455 0.€&855E C4 0.4618 0.9108E 02 C.1106E-C5 0.705
0.1194 C.4733 0.7325E C4 C.4932 0.B745E 02 0.1068E-C5 0.755
C.135¢C C.5011 C.7793E 04 0.5251 0.8374E 02 0.1C2BE-C5 0.806
0.151¢8 C.5290 0.8263E C4 0.5576 0.7990C 02 0.9870E-Cé 0.857
0.1€98 C.5568 0.8742E C4 0.59C8 0.7600t 02 C.9452E-Cé C.91¢C
C.1891 C.5847 0.9212E C4 0.6247 0.7208E 02 0.9023E-06 0.963
0.2C97 0.6125 0.9679E 04 0.6594 0.6819E 02 0. 8598E-06 1.015
0.2318 C.86404 0.1014E 05 0.6949 0.6429C 02 0.8164E-Cé6 1.068
S ——
FIELD CATA
X8 Y3 v THETA P RHC M
FT/SEC RAC LB/SQ FT SLuG/Cu FT

0.224C 0.6307 0.9983E 04 0.8975 0.6564E 02 C.8315E-06 1.05C
0.2188 C.6349 C.1116E C5 0.8911 0.6618E C2 0.8494E-06 1.182
0.2147 C.6382 0.1213E 05 0.8874 0.6668BE 02 0.8659E-06 1.292
0.2105 C.6415 0.1312€ G5 0.8844 0.6726E 02 0.8848E-06 1.407
0.2C64 0.6448 0.1413E 05 0.8820 0.6793E 02 0.9067E-06 1.526
0.2C22 C.6481 0.1516E C5 0.88C2 0.6870E C2 C.9319€E-C6 1.650
0.1981 0.6514 0.1620E 05 0.8788 0.6G59E C2 0.9612E-Cé6 1.781
0.194C C.6541 0.1727€ 05 c.8778 0.705%€E 02 C.9954E-06 1.918
0.1899 0.6579 0.1837E 05 0.8770 0.7175E 02 0.1036E-05 2.064
Cc.1858 C.6612 C.1949E C5 0.8765 0.7307E ©2 0.1083E-C5 2.218
C.1817 C.6645 0.2063E C5 0.8761 0.7458E 02 0.1142E~C5 2.385
0.1776 0.6677 0.2181€ 05 0.8759 0.7631E Q2 C.1214E-C5 2.565
0.173¢ 0.6710 0.2302€E 05 0.8757 0.7832E 02 LVL').)kBOBE-OS 2.755 J

-C.

-~0.

~-0.

~0.

~0.
~C.
0.
0.
0.
0.
0.
Q.
C.
0.
0.
0.

C.
0.
0.
0.
0.
0.
0.
0.

-0.
-0.
0.
0.
C.
0.
0.
Q.
0.
C.
0.
O.

0.

C.5625E~-C3

SHOCK SHAPE

XB Y8
€450 0.
0436 0.0557
0394 0.1114
0324 0.1670
0225 0.2227
0097 0.2784
0061 0.3341
0251 0.3858
0473 0.4455
0729 0.5011
1020 0.5568
1349 0.6125
1716 0.6682
2125 0.7239
2517 0.7756
3075 0.8352
3621 0.89C9
4219 0.9466
4870 1.0023
5579 1.0580
6348 1.1137
7181 1.1693
8081 1.2250
9C52 1.28C7
SONIC LINE

X8 Y8
0136 0.2629
0012 0.2865
o123 0.3126
0274 0.3413
0442 0.3724
0626 0.4053
0826 0.4390
1036 0.4723
1251 0.5043
1469 0.5345
1686 0.5626
1901 0.5887
2036 0.6044




TABLE II.- REAL-GAS SOLUTIONS FOR AIR - CONTINUED

ALTITUCE = 250,000 FT VELCGCITY = 45,0CC FT/SEC .
BOCY DATA SHOCK SHAPE
XB v8 v PHI P RHO M HT ERROR X8 ye
FT/SEC RAC LB/SC FT SLUG/CU FT
ISR SO SR S A AU

0. C. 0. c. 0.1528€ 03 C.1465€-05 0. -0.C007 -0.0435 0.

0.CCO4 0.0278 0.4498E 03 0.0278 0.1526E 03 C.1463E-05 0.042 -0.0007 -0.0421 0.0555
0.cC16 0.0555 0.8993E 03 0.0555 0.1522E 03 C.l459E-05 0.083 -0.0006 -0.0379 0.1110
0.€035 0.0833 0.1350E C4 0.0834 0.1514€ 03 C.1453E-C5 0.125 -0.0005 -0.0309 0.1665
0.CC62 c.1110 C.1804E 04 0.1113 0.1504€ 03 0.1444E-05 0.167 -0.0003 -0.0211 0.2220
0.€097 0.1388 0.2260E 04 0.1392 0.1491E 03 0.1433E-05 0.209 -0.0001 -0.0083 0.2776
0.C136 0.1665 0.2720€ 04 0.1673 0.1474E 03 C.1419E-C5 0.252 0.0002 0.0075 0.3331
0.€190 C.1943 0.3182E C4 0.1955 0.1455E 03 0.1402E-05 0.295 0.€005 0.0264 0.3886
0.€249 €.2220 0.3648E C4 0.2239 0.1433E C3 0.1383E-05 0.338 0.c008 0.0485 0.4441
0.0317 C.2498 0.4119E 04 €.2525 0.1408E 03 C.1362E-05 0.382 0.0013 0.0740 0.4996
0.C393 0.2776 C.4594E 04 0.2812 0.1380E 03 0.1338E-05 0.426 0.0018 0.1031 0.5551
0.6478 €.3053 0.5074E C4 0.3103 0.1349E 03 C.1311E-05 0.471 0.C022 c.1358 0.6106
0.C571 €.3331 C.S574E C4 €.3396 0.1316E 03 C.1283E-05 0.519 0.0026 0.1724 0.6661
0.C674 0.3608 0.6061E 04 0.3692 0.1279E 02 C.1251E-05 0.565 0.0033 0.2131 0.7217
0.c787 0.3886 C.6551E C4 0.3991 0.1241F 02 C.1217€-05 0.611 0.0040 0.2582 0.7772
0.C509 C.4163 0.7048E C4 0.4295 0.1200E 03 C.11B1E-05 0.659 £.C047 c.3078 0.8327
0.1042 C.4441 0.7558E C4 0.46C2 0.1156E 03 C-1143E-C5 0.707 0.0054 0.3623 0.8882
0.1185 0.4719 0.8077E C4 0.4915 0.1111€ 03 C.1103E-05 0.757 0.0060 0.4218 0.9437
0.134C C.4996 C.8598E 04 0.5233 0.1064E 03 C.1062€-05 0.808 0.C067 0.4867 0.9952
0.1506 C.5274 0.9129E C4 0.5556 0.1015€ 03 0.1018E-05 0.86C 0.c076 C.5574 1.0547
C.1€85 €.5551 0.S670E C4 0.5887 0.9641E 02 0.9735€-C6 0.913 0.C082 C.6341 1.11C2
0.1876 0.5829 0.1021E 05 0.6224 0.9126E 02 0.9272€E-06 0.968 0.0091 0.7171 1.1658
0.2c82 C.€106 C.1077E 05 C.6569 0.8605E 02 0.8805E-06 1.024 0.C096 0.8068 1.2213
0.2301 C.6384 0.1132€ 05 0.6923 0.8077E 02 0.8325E-06 1.079 0.C106 0.9036 1.2768

FIELD CATA SONIC LINE
X8 ¥e v THETA P RHO 7 X3 X8 'z
FT/SEC RAC LB/SC FT SLUG/CU FT

0.2184 €.6238 0.1103E C5 0.9020 0.8356E 02 0.8579E-C6 1.050 c. -0.0137 0.2556
0.2138 C.6274 0.1224E 05 0.8961 0.8417€ 02 0.8759E-06 1.172 0.2998E-04 | -0.0018 0.2790
0.2C97 0.6306 0.1332€ 05 0.8928 0.8485€ 02 0.8945E-06 1.283 0.5977E-04 0.0114 0.3051
0.2057 0.6338 0.1443E 05 0.89C0 0.8561E 02 C.9156E-06 1.399 0.9295E~04 0.0262 0.3340
0.2C17 €.6370 0.1557€ 05 0.88179 0.B649E 02 0.9399E-Cé6 1.520 C.12S8E-03 0.0427 0.3655
0.1976 C.6402 0.1673E C5 0.8864 0.8750E 02 0.9678BE-06 1.647 C.1707€-03 0.0610 0.3991
0.1936 0.6434 0.1792E 05 0.8852 0.8867E 02 0.9999E-06 1.779 0.2161E-03 0.0808 0.4336
0.1896 0.6465 0.1913€ 05 0.8844 0.9000E 02 0.1037E-05 1.919 0.2665E-03 0.1019 0.4678
0.185¢ C.6497 0.2038E 05 0.8838 0.9152€ 02 C.1080E-05 2.067 €.3225€-03 0.1235 0.50C7
0.1816 c.6528 C.2165E €5 c.8834 0.9326C 02 0.1129E-05 2.223 0.3849E-03 0.1454 0.5315
0.1777 0.6560 0.2296E 05 0.8831 0.9525E 02 0.1188E-05 2.391 0.4545E-03 0.1669 0.5598
0.1737 0.6591 0.2430E 05 0.8829 0.9751€ 02 0.1257E-05 2.572 0.5325E-03 0.1879 0.5856
0.1697 0.6623 0.2567E 05 0.8828 0.1001E 03 0.1340E-05 2.768 C.6203E-03 0.1995 0.5991

Tl




TABLE II.- REAL-GAS SOLUTIONS FOR AIR ~ CONTINUED

T2

ALTIYUCE = 300,000 FT VELOCITY = 10,0CC FTV/SEC
BOCY DATA SHOCK SHAPE
— T T T T s e e e -
XB Y8 v PHI P RHO M HT ERROR XB Y8
FT/SEC RAD LB/SQ FT SLUG/CU FT
0. C. 0. 0. 0.3961E-00 0.4728E-07 0. 0.€008 -0.0731 0.
0.C003 C.0243 0.1090€ 03 0.0243 0.3959E-00 0.4725€E-07 0.036 0.0008 -0.0722 0.0486
0.0012 0.0486 0.2180E 03 0.0487 0.3950E-00 0.4716E-07 0.071 0.C007 -0.0692 0.0973
0.0027 0.0730 0.3272€ C3 0.0730 0.3936E-0C 0.4701E-07 0.l107 0.C007 ~0.0644 0.1459
0.C048 G.0973 0.4367E 03 0.0975 0.3917E-00 0.4680E-07 0.142 0.0006 -0.0575 0.1946
0.C074 0.1216 0.5466E 03 0.1219 0.3891E-00 0.4653E-07 0.178 0.0005 -0.0487 0.2432
0.0107 0.1459 0.6568E 03 0.1465 0.3861E-00 0.4620E-07 0.214 0.C004 -0.0378 0.2919
0.0146 0.1703 0.7674E 03 0.1711 0.3824E-0C 0.4581E-07 0.251 0.0002 -0.0249 0.34CS
0.Cl91 0.1946 0.8787E 03 0.1658 0.3782E-00 0.4537E-07 0.287 0.0001 -0.0099 0.3892
0.0242 0.2189 0.9905E 03 0.2207 0.3735E-00 0.4486E-07 0.324 -0.C001 0.0072 0.4378
0.C300 0.2432 0.1103E 04 0.2457 0.3683E-00 0.4430€E-07 0.361 -0.C003 0.0265 0.4865
0.C364 C.2676 0.1216E 04 0.2709 0.3625E-0C 0.4368E-07 0.399 ~C.0006 0.0480 0.5351
0.0435 0.2919 0.1330E 04 0.2962 0.3562€E-00 0.4300E-07 0.436 -0.0009 0.0717 0.5838
0.0513 0.3162 0.1447E 04 0.3217 0.3494€-00 0.4228E-07 0.475 -0.0012 0.0978 0.6324
0.0598 0.3405 0.1562€E 04 0.3475 0.3421E-00 0.4149E-07 0.514 -0.€015 0.1263 0.6811
0.C689 0.3649 0.1678E 04 0.3735 0.3344E-00 0.4065E-07 0.552 -0.co18 0.1573 0.7297
0.0788 0.3892 0.1794E 04 0.3997 0.3262€~-00 0.3976E-07 0.592 -0.0021 0.1907 0.7784
0.0895 0.4135 0.1913E 04 0.4263 0.3175E-00 0.3881lE-07 0.632 -0.0025 0.2268 0.8270
0.1009 0.4378 0.2036E 04 0.4532 0.3083E-00 0.3780E-07 0.673 -0.0025 0.2656 0.8757
0.1132 0.4621 0.2159E C4 0.4804 0.2987E-00 0.3675E-07 0.715 -0.0029 0.3071 0.9243
0.1263 0.4865 0.2282€ 04 0.5C80 0.2887E~0C 0.3565E-07 0.758 -0.0035 0.3515 0.9729
0.1402 0.5108 0.2409E 04 0.5361 0.2783E-00 0.3451E-07 0.802 -0.0041 0.3989 1.0216
0.1551 0.5351 0.2538E 04 0.5646 0.2675€E~00 0.3330E-07 0.846 -0.0045 0.4492 1.0702
0.1711 0.5594 0.2669E 04 0.5937 0.2563E-00 0.3205E-07 0.892 -0.0049 0.5027 1.1189
0.188C 0.5838 0.2805E 04 0.6233 0.2446E-00 G.3075E-07 0.940 -0.0050 0.5595 1.1675
0.2061 0.6081 0.2944E 04 0.6536 0.2326E-00 0.2939E-07 0.989 -0.0053 0.6195 l.2162
0.2254 0.6324 0.3089E 04 0.6847 0.2200E-00 0.2797E-07 1.041 -0.0058 0.6830 1.2648
0.2460 0.6567 0.3240E 04 0.7166 0.2071E-00 0.2650E-07 1.095 -0.0063 0.7499 1.3135
JENR CEPURNRTD R S ——
FIELD CATA SONIC LINE
XB YB v THETA 4 RHO M PSI X8 Ya
FT/SEC RAC LB/SC FT SLUG/CU FT
0.2289 0.6367 0.3115€ 04 0.8781 0.2178E-00 0.2772€-07 1.050 C. -0.0214 0.3525
0.2185 0.6454 0.3385E 04 0.8659 0.2219£-00 0.2845€E-07 1.145 0.5361E-06 -0.0038 0.3762
0.2115 0.6511 0.3570E 04 0.8594 0.2248E-00 0.2897E~-07 1.210 0.9322E-06 0.0144 0.4004
0.2046 0.6569 0.3756E 04 0.8540 0.2278E-00 0.2954E-07 1.277 0.1359E-05 0.0333 0.4248
0.1976 0.6626 0.3943E 04 0.8495 0.2310E-00 0.3016E-07 1.345 0.1820E-05 0.0528 0.4493
0.1907 0.6684 0.4133E 04 0.8457 0.2343E-00 0.3082€E-07 1.414 C.2317E-05 0.0727 0.4737
0.1839 0.6741 0.4323E 04 0.8424 0.2378E-00 0.3154E-07 1.484 0.2851E-05 0.0930 0.4975
0.1770 0.6798 0.4514E 04 0.8396 0.2415E-00 0.3229E-07 1.555 0.3425E-05 0.1134 0.5205
0.1702 0.6855 0.4706E 04 0.8370 0.2453E-00 0.3310€-07 1.627 0.4042E-05 0.1337 0.5423
0.1634 0.6911 0.4897E 04 0.8347 0.2493E-00 0.3394E-07 1.699 0.4704E-05 0.1539 0.5628
0.1566 0.6967 0.5088E 04 0.8326 0.2534E-00 0.3483E-07 1.772 0.5413E-05 0.1736 0.5817
0.1498 0.7024 0.5278E 04 0.8304 0.2577€E-00 0.3576E-07 1.845 0.6173E-05 0.1929 0.5989
0.1431 0.7080 0.5466E 04 0.8283 0.2620E-00 0.3672E-Q7 1.917 C.6985E-05 0.2116 0.6146




TABLE IT.- REAL-GAS SOLUTIONS FOR AIR - CONTINUED

ALTITUDE = 300,000 FT VELOCITY = 15,000 FT/SEC
BOCY DATA SHOCK SHAPE

S e e e

X8 ve v PHI P RHO M HT ERROR ) 8

FT/SEC RAC LB/SQ FT SLUG/CU FT
0. 0. 0. 0. 0.8950€ 00 0.5563E-07 0. 0.6005 -0.0613 0.
0.0003 0.0234 0.1472E 03 0.0234 0.8944E 0C 0.5560E-07 0.035 0.0005 -0.0604 0.0468
0.C011 0.0468 0.2944E 03 0.0468 0.8926E 00 0.5550E-07 0.07¢C 0.0005 ~0.0576 0.0936
0.0025 0.0702 0.4418E 03 0.0703 0.8896E 00 0.5533E-07 0.104 0.0004 -0.0529 0.1405
0.0C44 0.0936 0.5896E 03 0.0938 0.8854E 00 0.5509£-07 0.139 0.C003 -0.0462 0.1873
0.0069 0.1170 0.7381E 03 0.1173 0.8799E 00 0.5479E-07 0.174 0.0003 ~0.0377 0.2341
0.0099 0.1405 0.8875E 03 0.1409 0.8733E 00 0.5442E~07 0.210 0.0003 -0.0271 0.2809
0.0135 0.1639 0.1038E 04 0.1646 0.8655E 0C 0.5397€-07 0.245 0.0005 -0.0146 0.3277
0.0177 0.1873 0.1189E 04 0.1884 0.8564E 00 0.5346E-07 0.281 0.0005 0.0001 0.3745
0.0224 0.2107 0.1341E 04 0.2123 0.8461E 00 0.5289€-07 0.317 0.0001 0.0169 0.4214
0.,0277 0.2341 0.1494E 04 0.2363 0.8346E 00 0.5227E-07 0.3564 -0.0009 0.0359 0.4682
0.0337 0.2575 0.1651E 04 0.2604 0.8219E 00 0.5158E-07 0.391 -0.0018 0.0572 0.5150
040402 0.2809 0.1809E 04 0.2847 0.80B1E 0C 0.5079E-C7 0-429 -0.0014 0.0809 0.5618
0.0474 0.3043 0.1969E 04 0.3092 0.7930E 0O 0.4990E-07 0.467 0.0004 0.1070 0.6086
0.0552 0.3277 0.2145E 04 0.3339 0.7769€ 00 0.4880E-07 0.509 0.0075 0.1358 0.6554
0.0637 0.3511 0.2304E 04 0.3588 0.7595E 00 0.4783E~07 0.547 0.0073 0.1672 0.7023
0.0729 0.3745 0.2462E 04 0.3839 0.7412E OC 0.4681€-07 0.585 0.0071 0.2016 0.7491
0.0828 0.3979 0.2619E 04 0.4094 0.7219¢ 00 0.4572E-07 0.623 0.0068 0.2385 0.7959
0.0934 0.4214 0.2774E 04 0.4351 0.7017E 0O 0.4461E-07 0.661 0.0055 0.2787 0.8427
0.1047 0.4448 0.2926E 04 0.4611 0.6806E 00 0.4341E-07 0.697 0.0058 0.3220 0.88%5
0.1169 0.4682 0.3093E 04 0.4875 0.6591€ 00 0.4219E-07 0.738 £.C055 0.3687 0.9363
0.12917 0.4916 0.3258E 04 0.5142 0.6372E 00 0.4098E~07 0.779 0.0041 0.4188 0.9832
0.1435 0.5150 0.3422E 04 0.5413 0.6148E 00 0.3979E-07 0.819 0.0007 0.4725 1.0300
0.1580 0.5384 0.3581E 04 0.5689 0.5922E 00 0.3869E-07 0.860 -0.0070 0.5299 1.0768
0.1734 0.5618 0.3748E 04 0.5969 0.5689E 00 0.3732E-07 0.901 -0.0067 0.5913 1.1236
0.1896 0.5852 0.3922E 04 0.6255 0.5444E 00 0.3591E-07 0.944 -0.0069 0.6568 1.1704
0.2069 0.6086 0.4106E 04 0.6545 0.5183E 00 0.3438E-07 0.990 -0.0071 0.7265 1.2173
0.2251 0.6320 0.4304E 04 0.6842 0.4906E-00 0.3276E-07 1.040 -0.0072 0.8005 1.2641
0.2445 C.6554 0.4513E 04 0.7146 0.4613E-00 0.3105E-07 1.093 -0.0079% 0.8792 1.3109
FIELD CATA SONIC LINE
Xe Y8 v THETA P RHO M PSI XB Y8
FT/SEC RAC LB/SQ FT SLUG/CU FT

0.2287 0.6364 0.4343E 04 0.8886 0.4852E-00 0.3245E-07 1.050 0. -0.0184 0.3142
0.2221 0.6418 0.4703E 04 0.8807 0.4908BE-00 0.3303E-07 1.139 0.5856E~06 ~-0.0028 0.3383
0.2164 0.6464 0.5010E 04 0.8754 0.4962E-00 0.3371E-07 1.216 0.1147E-05 0.0138 0.3637
0.2107 0.6511 0.5322E 04 0.8711 0.5019E 00 0.3453E-07 1.295 0.1760E~05 0.0314 0.3903
0.2050 0.6557 0.5644E 04 0.8676 0.5082E 00 0.3544E-07 1.377 €.2429E-05 ¢.0500 0.4177
0.1993 0.6603 0.5973E 04 0.8648 0.5150E 00 0.3646E-07 1.462 0.3161€-05 0.0697 0.4457
0.1937 0.6649 0.6311E 04 0.8626 0.5224E 00 0.3762E-07 1.550 0.3961E~05 0.0901 0.4737
0.1881 0.6695 0.6658E 04 0.8603 0.5303E 00 0.3894E-07 1.642 0.4838E~05 0.1112 0.5013
0.1824 0.6740 0.7015E 04 0.8584 0.5389E 00 0.4046E-07 1.739 G.58C0E-05 0.1327 0.5281
0.1768 0.6786 0.7381E 04 0.8566 0.5482E 00 0.4228E~07 1.842 0.6860E~05 0.1543 0.5537
0.1713 0.6831 0.7759E 04 0.8548 0.5582E 00 0.4449E-07 1.958 0.8032€E~05 0.1760 0.5780
0.1657 0.6876 0.8149E 04 0.8530 0.5691E 00 0.4730E-07 2.103 0.9339E-05 0.1971 0.6001
0.1602 0.6921 0.8557€ 04 0.8514 0.58L1E 00 0.5099E-07 2.283 0.1081E~-04 0.2104 0.6133

73



TABLE IT.- REAL-GAS SOLUTIONS FOR AIR - CONTINUED

ALTITUCE = 300,000 FT VELCCITY = 20,000 FT/SEC
BOCY DATA SHOCK SHAPE
XB Y8 v PHI P RHO M HT ERROR X8 YD
FT/SEC RAD LB/SC FT SLUG/CU FT
0. Q. 0. 0. 0.1605E 01 0.7363E-07 0. 0.0001 -0.0465 0.
0.CC03 0.0227 0.1667E 03 0.0227 0.1604E 01 0.7359€E-07 0.034 0.0001 ~0.0456 0.0453
0.COl0 0.0453 0.3332€ 03 0.0453 0.1601E 01 0.7346E-07 0.068 0.0001 ~-0.0429 0.0906
0.0023 C.0680C 0.5000& 03 0.0680 0.1596E 01 0.7325E-07 0.102 0.C001 -0.0383 0.1359
0.0C41 C.0906 0.6675E 03 0.0907 0.1588E 01 0.7295E-07 0.136 0.0001 ~-0.0319 0.1812
0.0064 0.1133 0.8357E 03 0.1135 0.1579E 01 0.7257€-07 0.171 0.0001 -0.0237 0.2265
0.€093 0.1359 0.1005E 04 0.1363 0.1568E 01 0.7210E-07 0.205 0.0001 -0.0135 0.2718
0.0126 0.1586 0.1174E 04 0.1592 0.1555E 01 0.7154E-C7 0.240 0.0001 -0.0014 0.3171
0.Cl165 0.1812 0.1345E 04 0.1822 0.1539E€ 01 0.7090E-07 0.275 0.0000 0.0127 0.3624
0.0210 0.2039 0.1516E 04 0.2053 0.1522E 01 0.7018E-07 0.310 -0.0001 0.0288 0.4077
0.0260 0.2265 0.1688E 04 0.2285 0.1503E 01} 0.6937E-07 0.346 -0.0002 0.0470 0.4530
0.0315 0.2492 0.1B62E C4 0.2518 0.1482E 01 0.6848E-07 0.382 ~0.0003 0.0674 0.4983
0.0376 0.2718 0.2037E Ca 0.2753 0.1458E Ol 0.6750E-07 0.418 -0.0002 0.0899 0.5436
0.0443 0.2945 0.2214E 04 0.2989 0.1433€ 01 0.6644E-07 0.454 -0.0002 0.1148 0.5889
0.0516 0.3171 0.2397€ 04 0.3227 0.1406E 01 0.6530E-07 0.492 -0.0000 0.1421 0.6342
0.0595 G.3398 0.2575E 04 0.3467 0.1377€ 01 0.6407E-07 C.529 -0.C001 0.1718 0.6755
0.0680 0.3624 0.2754E 04 0.3709 0.1347E 01 0.627TE-07 0.567 -0.0003 0.2042 0.7248
0.0772 0.3851 0.2935E 04 0.3953 0.1314E Ol 0.6140€-07 0.605 -0.0005 0.2391 0.7701
0.087¢C 0.4077 0.3119E 04 0.4200 0.1280E 0L 0.5996E-07 0.643 ~0.0008 0.2769 0.8155
0.0974 0.4304 0.3308E 04 0.4449 G.1245E 01 0.5846E-07 0.683 ~0.C012 0.3175 0.8608
0.1C86 C.4530 0.3498E 04 0.47G2 0.1207€ 01 0.5686E-Q7 0.723 -0.0014 0.3612 0.9061
0.1205 0.4757 0.3689E 04 0.4958 0.1169E 01 0.5521E-07 0.764 -0.0016 0.4079 0.9514
0.1331 0.4983 0.3883E 04 0.5217 0.112%€ 01 0.5349€E-07 0.805 -0.0017 0.4579 0.9967
0.1466 g.5210 0.4080E Q4 0.5481 0.1087E 01 0.5170E-07 0.848 -0.C020 0.5113 1.0420
0.1608 0.5436 0.4280E 04 0.5748 0.1045E 01 0.4987E-07 0.891 -0.0023 0.5682 1.0873
0.1759 0.5663 0.4482E 04 0.6021 0.1001€E 01 0.4798E-07 0.935 -0.0025 0.6288 1.1326
0.1619 0.5889 0.468%E 04 0.6298 0.9569E 00 0.4604E-07 0.98C -0.0030 0.6932 L.1779
0.2089 0.6116 0.489%E 04 0.6581 0.9114E 00 0.4404E-07 1.026 ~0.C031 0.7615 1.2232
0.2268 0.6342 0.5113F G4 0.6870 0.8657E CC 0.4203E-07 1.074 -0.0037 0.8339 1.2685
FIELD CATA SONIC LINE
XxB YB v THETA P RHO M PSI X8 B
FT/SEC RAD LB/SC FT SLUG/CU FT

0.2178 0.6231 0.5007E 04 0.9003 0.8883E GO 0.4302E-07 1.050 0. -0.0148 0.2666
0.2107 0.6287 0.5766E Q4 0.8922 0.8993E 00 0.4403E-07 1.215 0.1042E-05 -0.0024 0.2897
0.2063 0.6322 0.6237E 04 0.8887 0.9072€ 00 0.4476E-07 1.320 0.1774E-05 0.0111 0.3150
0.2019 0.6357 0.€6714E 04 0.8860 0.9163€ 0C 0.4559E-07 1.426 C.2580E-05 0.0259 0.3426
0.1976 0.6391 0.7195E 04 0.8840 0.9266E 00 0.4652E~-07 1.535 0.3466E-05 0.0422 0.3722
0.1932 0.6426 0.7681lE 04 0.8824 0.9381E 00 0.4756E-07 1.647 0.4437E-05 0.05699 0.4033
0.1889 0.6460 0.8171E 04 0.8813 0.9510€ 00 0.4873E-07 1.762 0.5499E-05 0.0788 0.4351
0.1846 0.6495 0.8665E 04 0.8805 0.9654€ OC 0.5005E~-07 1.879 C.6659E-05 0.0987 0.4666
0.1802 0.6529 0.9163E 04 0.8798 0.9813E 00 0.5153E-07 2.000 C.7927E-05 0.1191 0.4969
0.1759 0.6563 0.9663E 04 0.8793 0.998SE 00 0.5319E-07 2.124 0.9311E-05 0.1396 0.5256
0.1716 0.6597 0.1017€ 05 0.8790 0.1018E 01 0.5506E-07 2.252 0.1082E-04 0.1599 0.5521
0.1673 C.6631 0.1067€ 05 0.8787 0.1040E 01 0.5717€E-07 2.383 0.1247€E-04 0.1798 0.5765
0.1630 0.6665 0.1117€ 05 0.8784 0.1063E 01 0.5954E-07 2.517 0.1428E-04 0.1991 0.5988
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TABLE IT.- REAL-GAS SOLUTIONS FOR AIR - CONTINUED
ALTITUDE = 300,000 FT VELOCITY = 25,00C FT/SEC
BOCY DATA SHOCK SHAPE
X8 Ye \ PHI [ RHO L} HT ERROR X8 Ye
FT/SEC RAD LB/SG FT SLUG/CU FT
0. 0. 0. 0. 0.2518E 01 0.8713€E-07 a. 0.0001 ~0.0392 0.
0.0002 0.0221 0.1885E 03 0.0221 0.2516E 01 0.8708E-07 0.033 0.C001 -0.0383 0.0442
0.colC 0.0442 0.3767E C3 0.0442 0.2512E 01 0.8694E-07 0.066 0.0001 -0.0356 0.0884
0.C022 0.0663 0.5652E 03 0.0663 0.2504€ 01 0.8670E-07 g.100 0.0001 ~0.0312 0.1326
0.C039 0.0884 0.7545€ 03 0.0885 0.2493E 01 0.8636E-0T 0.133 0.0001 -0.0250 0.1768
0.0061 0.1105 0.9447€ 03 0.1107 0.2479E 01 0.8593E-07 0.167 0.C000 -0.0169 0.2210
0.co88 0.1326 0.1136E 04 0.1330 0.2462E 01 0.8540E-07 0.200 0.0000 -0.0070 0.2652
0.0120 0.1547 0.1328E 04 0.1553 0.2442E 01} 0.8477E-07 0.234 -0.0000 0.0049 0.3094
0.0157 0.1768 0.1521€ 04 0.1717 0.2419E 01 0.8405€-07 0.268 -0.0000 0.0186 0.3536
0.01l99 0.1989 0.1714E 04 0.2002 0.2393€E 01 0.8323E-07 0.303 -0.0000 0.0344 0.3978
0.0247 0.2210 C.1909E C4 0.2228 0.2363E 01 0.8231E-07 0.338 -0.0001 0.0522 0.4420
0.0300 0.2431 0.2106E 04 0.2455 0.2331€ 01 0.8131€-07 0.373 -0.0003 0.0722 0.4862
0.0358 0.2652 0.2304E 0C4 0.2684 0.2296E 01 0.8021E-07 0.408 -0.0005 0.0944 0.5304
0,0421 0.2873 0.2504E 04 0.2914 0.2237€ 01 0.7901€-07 0.444 -0.0006 0.1188 0.5746
0.0490 €.3094 0.2711€E 04 0.3145 0.2216E 01 0.7775€-C7 0.481 -0.0012 0.1456 0.6188
0.0565 0.3315 0.2913E 04 0.3379 0.2172€E 01 0.7635€E-07 0.518 -0.0012 0.1749 0.6629
0.0646 0.3536 0.3116E 04 0.3614 0.2125E 01 0.7486C-07 0.554 -0.001l0 0.2068 0.7071
0.0733 0.3757 0.3320€ 04 0.3851 0.2076E£ 01 0.7327€-07 0.591 -0.0007 0.2413 0.7513
0.0826 0.3978 0.3528E 04 0.4091 0.2024E 01 C.7159E-C7 0.629 -0.C004 0.2786 0.7955
0.0925 0.4199 0.3740E 04 0.4333 0.1970E 01 0.6985E-07 0.668 -0.0004 0.3188 0.8397
0.1031 0.4420 C.3956E 04 0.4579 0.1913€E 01 0.6803E-07 0.707 -0.0002 0.3620 0.8839
O0.1144 0.4641 0.4171E 04 0.4827 0.1854E 0Ot 0.6614E-07 0.747 -0.0005 0.4084 0.9281
0.1263 C.4862 0.4388E 04 0.5078 0.1793E 01 0.6420E-C7 0.787 -C.CCO09 0.4581 0.9723 1
0.1390 0.5083 0.4608E 04 0.5333 0.1730E 01 0.6218BE-07 0.829 ~-0.0012 0.5112 1.0165
0.1524 0.5304 0.4B32E 04 0.5591 0.1665E 01 0.6008E-07 0.871 -0.0015 0.5679 1.0607
0.1667 0.5525 0.5058E 04 0.5854 0.1600E 01 0.5794E-07 0.913 -0.C019 0.6283 1.1049
0.1817 CeS5746 0.5286E 04 0.6122 0.1532€ 01 0.5573E-C7 0.957 -0.c021 0.6927 1.1491
0.1976 0.5967 0.5520& 04 0.6394 0.1463E 01 0.5348E-07 1,002 -0.0025 0.7610 1.1933
0.2144 0.6188 0.5756E 04 0.6672 0.1393E 0l 0.5116E-07 1.047 -0.0027 0.8336 1.2375
0.2322 0.6409 0.5998E 04 0.6955 0.1322€ 01 0.4882€-07 1.094 -0.C030 0.9105 1.2817
FIELD CATA SCNIC LINE
xe e v THETA P RHO M pSI XB Y8
FT/SEC RAC LB/SQ FT SLUG/CU FT

0.2154 €.6200 0.5770E C4 0.9056 0.1389E 01 0.5102€-C7 1.05¢C C. -0.0127 0.24C9
0.209s C.6244 0.6707E C4 0.8993 0.1402E 01 €.5218£-C7 1.229 C.1150E-0% -0.0018 0.2635
0.2C62 0.6272 0.7338E Q4 0.8965 0.1413€ 01 0.5308E-07 1.352 €.2033€-05 U.gl102 0.28490
0.2C26 0.6301 0.7979E 04 0.8945 0.1426E 01 0.5413E£-07 l.478 C.3017E-C» 0.0238 0.3176
0.198%9 0.6330 0.8628E G4 0.8930 0.1441€E 01 C.5532C-C7 1.609 C.41C8E-C5 0.0392 0.3461
0.1953 0.6358 0.92B6E 04 0.8919 0.1458E 01 0.5669E-C7 1.743 C.5316E-05 0.0565 0.3829
0.1916 0.6387 0.9954E 04 0.8912 0.1477E 01 0.5825E-07 1.882 0.6651E-05 0.0754 0.4180
0.1880 0.6415 0.1063E 05 0.8908 0.1499E 01 0.6004E-07 2.026 0.8124E-C5S 0.0857 0.4531
0.1844 0.6444 0.1132€ 0S5 0.8906 0.1524E 01 0.6209E-07 2.176 C.9750E-C5 0.1167 0.4868
0.1808 0.6472 6.1201€ 0S5 0.8905 0.1553€ 01 C.6444E-07 2.332 G.l1154€-04 0.1379 0.5185
0.17172 0.6501 0.1271E 0S5 0.8905 0.1585E 01 0.6714€E-07 2.493 0.1353E-04 0.1589 0.5477
0.1736 0.6529 0.1342€ 05 0.8905 0.1622E 01 0.7023E-07 2.662 0.1572E-04 0.1794 0.5744
0.1700 0.6557 0.1413E 05 0.8906 0.1663E 01 0.7376E-07 2.836 C.1815E-04 0.1993 0.5986

&
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TABLE II.- REAL-GAS SOLUTIONS FOR AIR -~ CONTINUED

ALTITUDE = 300,000 FT VELOCITY = 30,0CC FT/SEC
BOCY DATA SHOCK SHAPE
X8 Y8 v PH1 P RHO M HT ERRCR xB Y8
FT/SEC RAC LB/SC FT SLUG/CU FT
—
0. C. 0. 0. 0.3617E 01 0.8040E-C7 0. -0.0001 -0.0410 0.
0.CC04 0.0268 0.2899E 03 0.0268 0.3614E€E 01 0.8034E-07 0.040 -0.0001 -0.0397 0.0536
0.CCl5 C.0536 0.5792E 03 0.0536 0.3604E 01 0.8014E-07 0.079 -0.0001 -0.0356 0.1072
0.CC33 0.08C4 0.8688E 03 0.0805 0.3587E 01 0.7983E-07 ¢.119 -0.C000 -0.0289 0.16C8
0.C058 c.1072 0.1159€ 04 0.1074 0.3564g 01 0.7941E~C7 0.158 -0.0001 -0.0194 0.2144
0.C091 0.1340 0.1450E 04 0.1344 0.3533E 01l 0.7887E-07 0.198 -0.0002 -0.0071 0.2680
G.0131 0.1608 0.1741E 04 0.1615 0.3497€ 01 C.7819E-07 0.238 -0.C002 0.0C81 0.3216
0.0179 0.1876 0.2035E 04 0.1887 0.3454E 01 0.7734E-07 0.278 0.C002 0.0263 0.3752
0.C234 0.2144 0.2331E G4 0.2161 0.3404€ 01 0.7634E-07 0.319 0.C009 0.0476 0.4288
0.0296 0.2412 0.2630E 04 0.2436 0.3348E 01 0.7527E-07 0.360 0.0011 0.0721 0.4824
0.0367 0.2680 0.2931E 04 0.2713 0.3285& 01 0.7419E-07 0.4GC2 0.0003 0.1000 0.5360
0.C445 0.2948 0.3234E 04 0.2993 0.3215E 01 0.7300E-07 0.444 -C.C007 0.1314 0.5896
0.C532 C.3216 0.3541E 04 0.3274 0.3140E Ol 0.7159E-C7 C.486 -C.Ccoo07 0.1664 0.6431
2.€628 . 3484 0.3853E 04 0.3559 0.3058E 01 0.6992E-07 0.530 0.0004 0.2054 0.6967
0.C731 0.3752 0.4190€ 04 0.3846 0.2971€ 01 0.6802E-07 0.576 0.0030C 0.2484 0.75C3
0.0845 0.402C 0.4504E D4 0.4137 0.2877C 0L 0.6623€-07 0.621 0.G030 0.2957 Q0.8039
0.C967 0.4288 C.4820E C4 0.4432 0.2778E 01 C.6438E~C7 C.665 C.C026 0.3475 0.8575
0.1C99 0.4556 0.5140E 04 0.4731 0.2674E 01 0.6244E-07 0.711 0.0019 0.4041 0.9111
0.1242 0.4824 0.5469E 04 0.5C34 0.2565E 01 0.6042E-07 0.758 0.C010 0.4657 0.9647
0.1395 0.5092 0.5819E 04 0.5343 0.2453E 01 C.5815E-07 G.809 0.C019 0.5326 1.0183
0.1559 C.5360 0.6154E C4 0.5657 0.2337€ C1 C.5595E-C7 c.854 c.colo 0.6051 1.0719
0.1735 £.5628 0.6495E€ CA 0.5978 0.2218E Gt 0.5363€-C7 3.308 €.C006 C.6835 1.1255
0.1824 €.5896 0.6836E 04 C.63C6 0.2098E 01 C.5130€E-07 0.959 -0.0004 0.7680 1.1791
0.2126 0.6164 0.7183E 04 0.6642 0.1977€ 01 0.4889E-07 1.012 -0.001C 0.8590 1.2327
0.2342 C.6431 0.7531E C4 0.6986 0.1854C 01 C.4648€E-C7 1.067 -C.C025
FIELC CATA SONIC LINE
XB YB v THETA P RHO M PSI xB Ys
FT/5EC RAC LB/SC FT SLUG/CU FT

0.2275 0.635¢C 0.7426E C& 0.8864 0.1891t 01 CeT21E~07 1.050 C. -0.0114 0.25C4
0.2219 0.6396 0.8B507€ C4 0.880G1 0.1912€E 01 0.4375E-07 1.232 0.1549E-05 0.0006 0.2751
0.2182 0.6426 0.9268E Co 0.8773 0.1929E Ol C.5159E-07 1.367 0.2751E-05 0.0142 0.3034
0.2145 C.6457 0.1006E 05 0.8753 0.1949E 01 0.5365E~07 1.513 C.4114E-05 0.0300 0.3356
0.2108 0.6487 0.1089E €5 0.8740 0.1973E 01 0.5591E-C7 1.673 C.5655E-05 G.0482 0.3716
0.2071 0.6517 0.1176E 05 0.8732 0.2001E 01 0.5843E-07 1.847 0.7399E-05 0.0689 0.4104
0.2034 0.6547 0.1267E 05 0.8729 0.2034E 01 0.6131E-07 2.038 0.9372E~-05 0.0917 0.45C0
0.15998 0.6577 0.1360E C5 0.8729 0.2073C 01 0.6463E-07 2.246 0.1161E-04 0.1157 0.4884
0.1961 0.6607 0.1458€ Q5 0.8733 0.2119€ 01 0.6847E-C7 2.464 C.1415E-04 0.1399 0.5242
0.1925 0.6636 0.1558E 0S5 0.8738 0.2173E 01 0.7286E-07 2.693 0.1705E-04 0.1638 0.5566
0.1888 0.6666 0.1661E 05 0.8745 0.2237€ 01 0.7786E-07 2.935 C.2035E-04 0.1868 0.5856
0.1852 0.6696 0.1766E 05 0.8752 0.2313€E 01 0.8372E-07 3.190 0.2413E-04 0.2079 0.61C3

76



TABLE II.- REAT.-GAS SOLUTIONS FOR AIR - CONTINUED

ALTITUDE = 300,000 FT VELQOCITY = 35,00C FT/SEC
BOCY DATA SHOCK SHAPE
X8 Y8 v PHI P RHO M HT ERROR X8 Y8
FT/SEC RAC LB/SC FT SLUG/CU FT
0. C. 0. C. 0.4923E 01 C.BO33E-07 Q. 0.C001 ~0.0422 0.
0.0C04 0.0277 0.3443E 03 0.0277 0.4918E 01 0.8026E-07 0.041 0.0001 -0.0408 0.0554
0.C015 €.0554 0.6884E 03 0.0554 0.4904E 01 G.8C05€6-07 0.083 0.0001 -0.0367 0.1108
0.C035 0.0831 0.1034€E Q4 0.0832 0.4880E 01 0.7971E-07 0.124 0.C000 -0.0297 0.1662
0.CC61 c.l108 0.1381E C4 O.1111 0.4846E 01 0.7923E-07 0.166 -0.0001 -0.0198 0.2217
0.CCY96 0.1385 0.1732€E 04 0.1390 0.4803€E 01 0.7861E-07 0.20C8 -0.C001 -0.0071 0.2771
0.Cl39 0.1662 C.2085E 04 0.1670 0.4751E 01 0.7784L-07 0.251 0.C000 0.0CH8 0.3325
0.Cl190 C.1939 0.2441E 04 0.1952 0.4688E 01 0.7691E-07 0.294 0.C003 0.0277 0.3879
0.02438 c.2217 0.2799E 04 0.2235 0.4616E OL 0.7585E-C7 0.337 0.0005 0.0500 0.4433
0.0316 0.2494 0.3159€E 04 0.2520 0.4535E C1 0.7468E-07 0.381 0.0002 0.0756 0.4987
0.6391 0.2771 0.3525€ 04 0.28C7 C.4444E Ol 0. 7340E-07 Q.426 -0.0006 0.1049 0.5541
0.C47¢6 Q.3048 0.3894E 04 0.3097 0.4344E 01 0.7197€E-07 0.472 -0.0015 0.1380 0.6055
0.CS57TC C.3325 0.4288E 04 0.3390 0.4234€ 01 0.7053E~C7? 0.521 ~-0.C043 0.1751 0.6650
0.0673 0.3602 C.4668E 04 0.3685 0.4115E O1 0.6873E-07 0.568 -0.0039 0.2164 0.7204
0.C785 0.3879 0.5047€ 04 0.3984 0.3990E 01 0.6683E-07 0.615 -0.0031 0.2622 0.7758
0.C904 0.4156 0.5427E 04 0.4288 0.3858E Ol C.6481E-07 0.662 -0.C021 c.3128 0.8312
N.1C4l C.4433 C.5806E C4 0.4595 0.3720€ 01 C.6259E-C7 c.710 -0.C009 0.3684 0.8866
C.11485 G.a4710 C.618B6E 04 0.4907 0.3579E 01 0.6057E-07 0.758 -0.0009 0.4293 0.9420
0.1340 0.4987 0.6566E 04 0.5225 0.3434€ 01 0.5838E-07 0.807 -0.0010 0.4959 0.9974
0.1506 0.5264 0.6952E 04 0.5548 0.3284E 01 0.5607E-07 0.85¢6 -0.C0C0O 0.5685 1.0528
0.1683 C.5541 0.7342E 04 0.5877 0.3128E 01 0.5370€E-C7 0.907 -0.C002 0.6474 1.1083
0.1873 0.5818 0.7746E 04 0.6213 0.2967E 01 0.5121€-07 0.960 0.0002 0.7331 L.1637
0.2C75 0.6095 0.8172E 04 0.6556 0.2797F Ol 0.4860E-07 t.017 0.0002 0.8258 1.2191
0.2291 0.6372 0.8612E 04 0.6908 0.2623E 01 0+4591E-07 1.076 -0.C000 0.9260 1.2745
FIELD CATA SONIC LINE
x8 Y8 v THETA P RH(O M PsSI Xy YB
FT/SEC RAC LB/SC FT SLUG/Cy FT

C.21l9¢ C.6253 0.8420E Q4 0.9057 0.2699E 01 0.4708E-07 1.050 C. -0.0134 0.2511
0.21%6 C.6285 0.5280E Q4 0.9CC7 0.2716E O1 0.4785€-07 1.163 0.1094E-05 ~0.0018 0.2743
N.2L17 0.6315 0.1013E 05 0.8974 0.2737€ 01 0.4874E-07 1.277 0.2291E-05 0.0111 0.3002
0.2078 0.6346 0.1101E 05 0.8948 0.2760€ O1 0.4977E-07 1.395 C.3624E-05 0.0255 0.3290
0.2039 C.6377 0.1190E 05 0.8929 0.2786E 01 0.5096E-07 1.519 C.5106E-05 0.0417 0.3604
0.2C00 C.6407 0.1282E 05 0.8916 0.2817E 01 0.5237E-07 1.648 C.6751E-05 0.0597 0.3940
N.1961 0.6438 0.1375E 05 0.8907 0.2852E 01 0.5403E-07 1.784 0.8577TE-05 0.0794 0.4286
0.1922 0.6468 0.1471E 0S 0.89G0 0.2893E 01 0.5606E-07 1.929 0.1061E-04 0.1005 0.4635
0.1884 0.6499 0.1570E 05 0.8896 0.2939€ 01 C.5865€E-07 2.083 C.128T7E-04 0.1227 0.4977
0.1845 0.6529 0.1672E 05 0.8893 0.2992€E 01 0.6218E-07 2.243 0.1542E-04 0.1454 0.5303
0.1806 0.6559 0.1779€ 05 0.68889 0.3054€ Q1L 0.6713E-07 2.421 0.1832€-04 0.1681 0.5606
0.1768 C.6589 0.1894E 05 0.8885 0.3127€E 01 0.7415E-07 2.631 0.2171E-04 0.1902 0.5882
0.1730 0.6619 0.2017E 05 0.8880 0.321l6€ 01 0.8328E-07 2.916 0.2574E-04 0.2015 0.6015

7




TABLE II.- REAL-GAS SOLUTIONS FOR AIR - CONTINUED

ALTITUGE = 3CC,CCO FT VELCCITY = 40,CCC FT/SEC
BCCY CATA SFOCK SHAPE
8 Ye v PEI 4 RHO M FT ERRCR X8 Y8
FT/SEC RAC LB/SC FT SLUG/CL FT
C. C. C. c. 0.€436F C1 C.&5C8BF-C7 C. C.C002 —-0.0400 0.
0.CCC4 C.C27¢& C.3813E G3 C.0276 0.6432E C1 C.8501E-C7 C.041 0.C002 -0.0386 0.0552
0.CC15 €.C552 C.7621C C3 €.0552 0.6414t 01 C.8479C-C7 c.082 0.C002 =0.0344 0.11C4
0.CC34 c.cs28 C.lla4E C4 c.0829 0.6383C 01 C.8443E-C7 C.124 c.Co0lL -0.0275 0.1656
0.CC61 C.llCa4 C.1528C C4 C.llC6 0.€33G6E C1 C.8392E~C7 C.165 c.Cccol -C.0177 0.22C8
C.CC9¢ C.138C C.1916E C4 C.1384 0.6284E 01 C.H327€E-C7 c.2C7 0.C000 -0.0050 0.2760
0.C138 C.165¢ C.2305E C4 C.1664 C.6215C C1 C.B8247E-C7 C.25¢C -0.C00C 0.0107 0.3312
0.Cl8H C.1932 C.2697E C4 0.1944 0.6135E GI C.8152E-C7 €.292 -C.C001 0.0295 0.3864
C.C241 C.2208 C.3033€ Cs4 C.2226 0.6042¢ 01 C.8C43C-C7 C.33¢ -Cc.ccoz2 0.0516 0.4416
C.C313 C.2484 C.3492E Cé4 C.2510 0.5937C Cl C.7919E-C7 C.37¢ -0.C004 0.0770 0.4968
c.c3se C.276C C.3894E C4 C.2796 0.582CE C! C.7781€-07 0.424 -0.C006 0.1C59 0.5520
0.C472 C.303¢ C.4303E Ca 0.3C85 0.5691f C1 C.7629€-07 C.469 -0.C007 0.1385 0.6072
C.C5¢5 C.3312 C.4731C C4 C.3376 C.5551E C1 C.7464E-C7 C.516 -C.CcocCs C.1750 0.6624
0.Ce67 C.3588 C.5143E C4 0.3670 0.539G9F C1 C.7281E-07 €.562 -0.C011 0.2156 0.7176
c.C778 C.3864 C.5558E 04 C.39¢8 0.5237C 01 C.7C87E-C7 C.6Ck -0.0012 0.2606 0.7728
C.C89S C.414C 0.8973C C4 0.42¢9 C.5C65E Gl C.6881E~C7 C.655 -C.C0o1l5 G.3101 0.H28C
C.1C3cC C.a61¢ C.€409E C4 0.4575 C.48384F C1 C.eE63E-C7 C.704 -c.co18 C.3645 0.8832
C.1172 C.4692 C.6850F 04 C.4d85 0.4692E C1 C.6431E-C7 C.754 -0.€022 0.4240 0.9384
0.1325 C.4968 C.7293C G4 c.52C1 0.44S55E C1} C.6191€E-C7 C.8CH5 ~0.C025 0.4889 0.9936
C.l446 C.5244 C.7733E G4 0.5522 0.4290E 01 C.5937€E~07 C.85¢ -0.C022 0.5595 1.0488
C.1€€5 C.552¢C C.8193E C4 C.5&50 0.4C81E C1 C.5681E-C7 €.91¢C -C.C028 C.6361 1.1C40
C.1854 C.5796 C.B650E C4 C.6184 0.386GE C1 C.5420E-C7 C.963 -0.C032 0.71682 1.1592
C.2C56 C.6072 C.S101E C4 C.6527 0.366CE C1 C.5161E-C7 1.017 -0.C038 0.809C 1.2145
0.2272 C.6348 0.9541F 04 0.6877 0.3452E8 01 €C.4900E-C7 1.07¢C -0.C044 0.9C58 1.2667
FLELD CATA SONIC LINE
xp YR v THETA 4 RHO »¥ PSI xB ye
FT/SEC RAL LE/SQC FT SLLG/CU FT
G.2185 C.6244 C.S376E C4 C.9C38 0.3531E Ot C.4999€E-C7 1.C5C C. ~-C.0125 0.2447
C.2139 C.6282 C.107CE C» C.8577 0.3558E C1 C.5103E-C7 1.206 C.1640E~05 | —C.0015 0.2677
0.2102 C.t312 0.1171E C»> C.8G46 0.3584E C1 C.5196E-CT 1.326 C.3050E-05 0.0109 0.29135
£.2C65 C.6341 C.1273€ €S C.8521 0.3613€ Ol C.5302€E-C7 1.451 C.4€621E-C5 0.0249 0.3223
C.2C2¢ C.t37C C.1377€ C5 U.85C2 0.3648c C1 C.5427E-C7 1.581 C.63¢67E-CS5S €.0407 0.3541
€.1591 C.6393 C.1484F C5 c.gee88 0.3688E C1 €.5572E-C7 1.716 C.83C4E-CS 0.0583 0.3881
0.1654 C.6428 C.1592E CS C.8877 0.3735¢ C1 C.5740E-C7 1.857 C.1045E-04 0.0777 0.4234
0.1617 C.€457 c.1702C CS C.8870 0.3749E 01 C.5936E-C7 2.0C5 C.1283€E-04 0.0984 0.4585
0.1881 C.6486 C.1815E C5 G.8E865 C.3851E 01 C.6l66E-C7 2.161 C.1547E-C4 0.1198 0.4924
C.l1844 C.6515 C.1930E CS C.8863 G.12923C Cl C.&438E-C7 2.327 C.1841E-04 0.1415 0.5241
0.1807 C.6544 0.2047C 05 C.8862 0.4CC5E C1 C.E764E-C7 2.5C5 C.2168E-04 0.1630 0.5534
0.1771 C.6573 C.2167€ C5 c.8862 C.41ClC 01 C.71l65E-C7 2.697 C.2534E-C4 0.1842 0.58C5
0.1734 C.6601 0.22489E C5 0.8863 0.42128 01} C.7662E-C7 2.906 C.2948E-C4 c.1991 0.5985
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TABLE II.- REAL-GAS SOLUTIONS FOR AIR - CONCLUDED

ALTITUDE = 300,000 FT VELOCITY = 45,0CC FT/SEC
BCDY DATA SHOCK SHAPE
X8 Y8 v PHI P RHO M HT ERRQOR X8 Y8
FT/SEC RAC LB/SQ FT SLUG/CU FTY
0. 0. 0. 0. 0.8157€ 01 0.8892€~07 0. -0.0002 -0.0383 0.
0.0002 0.0220 0.3346E 03 0.0220 0.8152E 0Ol 0.8887E~07 0.033 -0.C002 -0,0374 0.0439
0.C010 C.0439 0.6686E €3 0.0439 0.8137€E 01 0.88T3E~C7 0.066 -0.0002 -0.0348 0.0879
0.0022 0.0659 0.1003E 04 0.0659 0.8112E 01 0.8849E~07 0.099 -0.0002 -0.0303 0.1318
0.0039 0.0879 0.1339E 04 0.0880 0.8077E Ol 0.8815E-07 0.132 -0.0001 ~0.0241 0.1757
0.CC60 0.1098 0.1677E C4 0.1100 0.8033€C 01 0.8771E-07 0.165 -0.c001 -C.0161 0.2196
0.C087 C.1318 0.2016E 04 0.1322 0.7978e Ol 0.8717E~-C7 €c.199 0.6000 -0.0062 0.2636
0.0lL1ly 0.1537 0.2357€ 04 0.1544 0.7913E 01 0.8654E-07 0.233 0.0002 0.0055 0.3075
0.C155 0.1757 0.2700E 04 0.1766 0.7838€ Ol 0.858B0E-07 0.267 0.0003 0.0193 0.3514
0.0197 0.1977 0.3044E 04 0.1990 0.7754E 01 C.B8498E-07 0.301 0.0004 0.0350 0.3953
0.0244 €c.2196 0.3390€ 04 0.2214 0.7659€ C1 0.8408E-07 0.335 0.0002 0.0528 0.4393
0.0296 0.2416 0.3740E 04 0.2440 0.7555E Ol 0.8308E-07 0.370 -0.0000 0.0727 0.4832
0.0353 0.2636 0.4093E 04 0.2667 0.7441E 01 0.8196E-07 0.406 0.0000 0.0949 0.5271
0.04l6 0.2855 0.4450E 04 0.2896 0.7317E 01 0.8072E-07 0.441 06.C005 0.1194 0.5711
0.C485 C.3075 0.4B0BE C4 0.3126 0.7184E 01 0.7937€-07 C.a?77 0.C013 0.1462 0.6150
0.0559 C.3295 0.5185E 04 0.3357 0.7043E 01 0.7784E-07 0.515 0.C036 0.1756 0.6589
0.0638 0.3514 0.5546E 04 0.3591 0.6891E 01 0.7636E-07 Q.551 0.0036 0.2076 0.7028
0.0724 0.3734 0.5907E 04 0.3827 0.6731€ 01 0.7480€-07 0.588 0.C034 0.2423 0.7468
0.C816 €.3953 0.6271E 04 0.4C65 0.6563E C1 0.7316E-07 C.625 0.C031 0.2799 0.7907
0.0914 0.4173 0.6641E 04 0.4305 0.6387€ 01 0.7145E-07 0.663 0.0025 0.3204 0.8346
0.10l8 0.4393 0.7020E 04 0.4549 0.6204E 01 0.6962E-07 0.702 0.0026 0.3641 0.8785
0.1129 0.4612 0.7405E 04 0.41795 0.6012E 01 0.6771E-07 0.741 0.c027 0.4110 0.9225
0.1247 C.4832 0.7791E C4 0.5044 0.5815E 01 0.6575€E-C7 c.781 0.C025 C.4613 0.9664
0.1373 0.5052 0.818LlE 04 0.5297 0.5613€E 01 0.6373E-07 0.822 0.0021 0.5152 1.0103
0.1505 0.5271 0.8576E 04 0.5554 0.5404E 01 0.6166E-07 0.864 0.0014 0.5729 1.0543
0.1645 045491 0.B977€ 04 0.5814 0.5191E Ol 0.5950E-07 0.906 0.0014 0.6344 1.0982
0.1793 0.5711 0.9382E 04 0.6C79 0.4974E 01 0.5728E-C7 C.949 0.C016 0.7000 1.1421
0.1950 0.5930 0.97T91E 04 0.6349 0.4754E Ol 0.5502€-07 0.993 0.001l6 0.7699 1.1860
0.2115 0.6150 0.1020€ 05 0.6624 0.4531€E Ol 0.5272E-C7 1.037 0.0017 0.8442 1.2300
0.2290 0.6369 0.1062E 05 0.6904 0.4307E 01 0.5041€-07 1.083 0.0016 0.9231 1.2739
FIELD CATA SONIC LINE
X8 Y8 v THETA P RHO M PS1 X8 AL
| FT/SEC RAC LB/SQ FT SLLG/CU FT

0.2165 0.6214 0.1032E 05 0.9054 0.4466E 01 0.5205E-07 1.05¢C c. ~0.0123 0.23177
0.2119 0.6249 0.1176E €5 0.9C00 0.4501E 01 0.5314F-07 1.203 0.17296-05 | -0.0016 0.26C5
0.2C84 0.62177 0.1290E @5 0.8971 0.4533E 01 0.5415€6-07 1.328 0.3284E-05 0.0104 0.2863
0.2048 0.6305 0.1406E 05 0.8949 0.4572E 01 0.5535€E-07 1.457 C.5024E-05 0.0240 0.3153
0.2013 0.6333 0.1525E ©5 0.8933 0.4617€ 01 0.5673E-07 1.592 C.6965E-C5 C.0396 0.3476
0.1977 C-6361 0.1646E 05 0.8922 0.4670E 01 C.5833E-C7 1.732 C.9125E-05 0.0571 0.3824
0.1942 0.6388 0.1770E 05 0.8915 0.4731E 01 0.6018E-07 1.879 0.1153E-04 0.0765 0.4187
0.1507 0.6416 0.1896E 05 0.8910 0.4801€E 01 0.6233€-07 2.033 0.1420E-04 0.0974 0.4549
0.1872 0.6444 0.2026E 05 0.8907 0.4883E 0Ol 0.6483E-07 2.196 C.L718E-04 0.1190 0.4898
0.1836 0.6471 0.2158E 05 0.8906 0.4976E 01 0.6776E-C7 2.368 C.2049E-04 0.1409 0.5224
0.1801 0.6499 0.2293E 05 0.8905 0.5084E 01 0.7123€E-07 2.552 0.2420E-04 0.1626 0.5524
0.1766 0.6526 0.2430E 05 0.8906 0.5208E Ol 0.7533E-07 2.748 0.2836E-04 0.1838 0.5797
0.1731 0.6554 0.2571E 05 0.8907 0.5352E 01 0.8025E-07 2.959 C.3304E-04 0.1977 0.5967
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